\foltage 
Regulator 

Data Book 

1983 



Switching, Series Pass, 
Shunt, Precision 



Texas 
Instruments 



General Information 

Alphanumeric Index 
Selection Guide 
Alternate Source Index 
Glossary 



Descriptive Information 



Appendix 



Ordering Instructions 
Mechanical Data 



Voltage Regulator 
Data Book 

1983 



Texas 
Instruments 



IMPORTANT NOTICE 



Texas Instruments reserves the right to make changes at any time in 
order to improve design and to supply the best product possible. 

Texas Instruments assumes no responsibility for infringement of patents 
or rights of others based on Texas Instruments applications assistance 
or product specifications, since Tl does not possess full access to data 
concerning the use or applications of customer's products. Tl also 
assumes no responsibility for customer product designs. 



Copyright 1983 Texas Instruments Incorporated 



VOLTAGE REGULATOR DATA BOOK 
1983 



Voltage regulation is a basic function in the majority of today's electronic systems. In this data book, Texas Instruments 
is pleased to present important technical information on a broad line of voltage regulator and voltage controller circuits that 
will assist the designer in selecting components for the complete power system. 

This data book includes series pass regulators (both fixed and adjustable), shunt regulators, switching voltage controllers 
(fixed on-time variable frequency, PWM, single-ended, and dual-ended), DC-to-DC converters, over voltage and under voltage 
protection circuits. 

A functional index, selection guide and alternate source index are included to provide the designer with rapid access to 
the desired technical information. 

While this data book offers design data and specifications only for voltage regulators and voltage regulator-related products, 
complete technical data on any Texas Instruments semiconductor component is available from your nearest Tl field sales 
office or local Tl distributor. 
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SELECTION GUIDE 



FIXED OUTPUT VOLTAGE REGULATORS 

positive output regulators 



DEVICE 
SERIES 


OUTPUT VOLTAGE 
TOLERANCE 


MINIMUM DIFFERENTIAL 
VOLTAGE 


OUTPUT CURRENT 
RATING 


AVAILABLE VOLTAGE 
SELECTIONS 


PACKAGES 


LM323 


±10% t 


2.5 V 


3 A 


1 @ 5 V 


KA 


LM2930-0 


±10% t 


0.6 V 


150 mA 


2 (5> 5 V to 8 V 


KC 


LM330-0 


± 4%t 


0.6 V 


150 mA 


1 ls> 5 V 


KC 


LM340-00 


± 4% % 


2.0 V 


1.5 A 


3@5 V to 15 V 


KC 


TL780-00C 


± 1%J 


2.0 V 


1.5 A 


3 @ 5 V to 15 V 


KC 


UA7800C 


±4%$ 


2.0 V-3.0 V 


1.5 A 


9 @ 5 V to 24 V 


KC 


UA78L00AC 


± 5%t 


2.0 V 


100 mA 


8 @ 2.6 V to 15 V 


LP 


UA78L00C 


±10% t 


2.0 V-2.5 V 


100 mA 


8@2.6 Vto 15 V 


LP 


UA78M00C* 


±5%$ 


2.0 V-3.0 V 


500 mA 


8 <s> 5 V to 24 V 


KC 



tOvarronga -40°C lo 25°C 
i<? 2S°C 



negative output regulators 



DEVICE 
SERIES 


OUTPUT VOLTAGE 
TOLERANCE 


MINIMUM DIFFERENTIAL 
VOLTAGE 


OUTPUT CURRENT 
RATING 


AVAILABLE VOLTAGE 
SELECTIONS 


PACKAGES 


LM320-O0 


± 4% 


2.0 V 


1.5 A 


3 @ 5 V to 15 V 


KC 


MC79L00AC 


± 5% 


1.7 V 


100 mA 


3 @ 5 V to 15 V 


LP 


MC79L00C 


±10% 


1.7 V 


100 mA 


3 @ 5 V to 15 V 


LP 


uA7900C 


± 5% 


2.0 V-3.0 V 


1.5 A 


8 @ 5 V to 24 V 


KC 


UA79M00C* 


± 5% 


2.0 V-3.0 V 


1.5 A 


7 @ 5 V to 24 V 


KC 



available output voltages for above regulator series 



DEVICE 
SERIES 


VOLTAGE SELECTIONS 


2.6 


5.0 


5.2 


6.0 


6.2 


8.0 


8.5 


9.0 


10.0 


12.0 


15.0 


18.0 


20.0 


24.0 


LM2930-0 




X 








X 


















LM320-00 




X 
















X 


X 








LM330-0 




X 


























LM340-00 




X 
















X 


X 








MC79L00AC 




X 
















X 


X 








MC79L00C 




X 
















X 


X 








TL780-00C 




X 
















X 


X 








uA7800C 




X 




X 




X 


X 




X 


X 


X 


X 




X 


uA7800AC 


X 


X 






X 


X 




X 


X 


X 


X 








uA78L00C 


X 


X 






X 


X 




X 


X 


X 


X 








UA78M00C* 




X 




X 




X 






X 


X 


X 




X 


X 


UA7900C 




X 


X 


X 




X 








X 


X 


X 




X 


uA7900C* 




X 




X 




X 








X 


X 




X 


X 



'Also available in military tomporaturo range IM Suffix) 



Texas Instruments 

INCORPORATED 
POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



15 



SELECTION GUIDE 



VARIABLE OUTPUT VOLTAGE REGULATORS 



positive output series regulators 



DEVICE 
NUMBER 


OUTPUT VOLTAGE 


DIFFERENTIAL VOLTAGE 
MAX 


OUTPUT CURRENT 
RATING 


PACKAGES 


MIN 


MAX 


LM217 


1.2 V 


37 V 


V|-1.2 V 


1.5 A 


KC 


LM317 


1.2 V 


37 V 


V|-1.2 V 


1.5 A 


KC 


LM350 


1.2 V 


33 V 


V|-1.2 V 


3A 


KA, KC 


TL317 


1.2 V 


32 V 


V|-1.2 V 


100 mA 


LP 


TL783AC 


5 V 


200 V 


200 V 


700 mA 


KC 


TL7S3C 


10 V 


125 V 


37 V 


700 mA 


KC 


UA723C* 


3 V 


38 V 


37 V 


25 mA 


J, N, U 



negative output series regulators 



DEVICE 


OUTPUT VOLTAGE 


DIFFERENTIAL VOLTAGE 


OUTPUT CURRENT 




NUMBER 


MIN 


MAX 


MAX 


RATING 


PACKAGES 


LM237 


1.2 V 


37 V 


V|+1.2 V 


1.5 A 


KC 


LM337 


1.2 V 


37 V 


V|+1,2 V 


1.5 A 


KC 



positive shunt regulators 



DEVICE 
NUMBER 


SHUNT VOLTAGE 


SHUNT CURRENT 


TEMP COEFFICIENT 
MAX 


PACKAGES 


MIN 


MAX 


MIN 


MAX 


TL430C' 


3 V 


30 V 


2 mA 


100 mA 


200 ppm/'C 


JG, LP 


TL431C* 


3 V 


30 V 


0.5 mA 


100 mA 


100 ppm/°C 


LP, P 


TL431 1 * * 


2.55 V 


36 V 


1 mA 


100 mA 


100 ppm/°C 


LP, P 



"Also available in Military Temperomro flango 1M Suffix) 
■ "I— Suffix for Industrial Temparaturo Range 



PROTECTION CIRCUITS 



undervoltage protection circuits 



DEVICE 
NUMBER 


TEMP RANGE 


PACKAGES 


FEATURES 


TL7702 
TL7705 
TL7712 
TL7715 


0°ClO 70° C 


P 


Power-up and voltage drop reset generator specifically Tor 
microcomputer control supervision. These devices operate over 
a wide supply voltage range (3 V to 1 8 V) and have externally 
adjustable pulse width to ensure system reset. 



overvoltage protection circuit 



OEVICE 
NUMBER 


TEMP RANGE 


PACKAGES 


FEATURES 


MC3423 


0° to 70° C 


JG, P 


Separate outputs for "crowbar" and logic circuitry, programmable 
time delay, TTL-level activation isolated from voltage-sensing 
inputs. 
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SWITCHING VOLTAGE REGULATOR/CONTROLLERS 



FEATURES 


BASE DEVICE NUMBERS 


MUJbUbU 


RC1493 


SG3524 
SG1524 


SG3525A 
SG 1 525A 


TL493 


TL494 


TL495 


Guneral Features 
















General Purpose 


X 


X 


X 


X 


X 


X 


X 


Special Purpose 


- 


- 


- 


- 


- 


- 


- 


Dual Independent PWM Control 


- 


- 


- 


- 


- 


- 


- 


Fixed On Time 


- 


- 


- 


- 


- 


- 


- 


Fixed Frequency PWM 


X 


X 


X 


X 


X 


X 


X 


Adjustable Frequency PWM 


- 


- 


- 


— 


— 


— 


— 


Low Bias Current Requirements 




135 ^A 












High Efficiency 




80% 












Expandable 


x 




x 


x 


x 


X 


x 


Control Features 
















On Chip Reference 


X 


X 


X 


X 


X 


X 


X 


Precision On Chip Reference 


— 


— 


- 


X 


- 


— 


- 


Dead Time Adjust 


X 






X 


X 


X 


* 


Current Sense Amplifier 










1 






Error Amplifier 


2 




2 


1 


1 


2 


2 


Operates to 40 V 


x 


24 V 


35 V 


35 V 


X 


X 


X 


Operates above 40 V 














X 


Feed Forward Line Regulator 
















Protection Features 
















On Chip Regulator 


x 




— 


— 


— 


— 


X 


Internal Soft Start 


— 


— 


X 


X 


— 


— 


— 


Under Voltage Lockout 






X 


X 




— 


— 


Inhibit Control 


— 


X 


X 


X 


X 


X 


X 


Double Pulse Protection 


— 


— 


X 


X 


X 


X 


X 


Out put Features 
















Single-ended Output 


X 


X 


- 


- 


- 


- 


- 


Double-ended Outputs 


- 


- 


X 


X 


X 


X 


X 


Toiem-Pofe Outputs 


- 


- 


- 


X 


- 


- 


- 


Parallelable Outputs 


- 


- 


- 


- 


X 


X 


X 


Adjustable Output 


- 


X 


- 


- 


- 


- 


- 


(2.5 V to 24 V) 
















Output Current Capability 


- 


X 


- 


- 


- 


- 


- 


(150 mAI 
















Isolated Power and Ground to 


— 


~ 


— 


— 


— 






Output 
















High Noise Immunity 


_ 


_ 


_ 


_ 


_ 


_ 


„ 


External Output Trigger 














X 


Part Number Ordering 
















Information 
















Commercial Temp Range 
















Plastic 


MC34060N 


RC1493CP 


SG1524N 


SG1525AN 


TL493CN 


TL494CN 


TL495CN 


Ceramic 


MC34060J 


RC1493CJG 


SG 1 524 J 


5G1525AJ 


TL493CJ 


TL494CJ 


TL495CJ 


Industrial Temp Range 
















Plastic 




RC1493IP 


SG2524N 


SG2525AN 




TL494IN 




Ceramic 




RC1493IJG 


SG2524J 


SG2525AJ 




TL494IJ 




Military Temp Range 
















Ceramic 


MC35060J 


RC1493MJG 


SG3524J 


SG3525AJ 


TL493MJ 


TL494MJ 
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SWITCHING VOLTAGE REGULATOR/CONTROLLERS 



FEATURES 


BASE DEVICE NUMBERS 


TL496 


TL497A 


TLC498 


TL593 


TL594 


TL595 


TL1451 


i~c 

u ©neral r-eatu res 
















General Purpose 


- 


X 


X 


X 


X 


X 


X 


Special Purpose 


9 V 


- 


- 


- 


- 


- 


- 


Dual Independent PWM Control 


- 


- 


X 


- 


- 


- 


- 


Fixed On Time 


X 


X 


- 


- 


- 


- 


- 


Fixed Frequency PWM 


- 


- 


X 


X 


X 


X 


X 


Adjustable Frequency PWM 


- 


- 


X 


- 


- 


- 


- 


Low Biss Current Requirements 




— 


X 


— 


— 


— 




High Efficiency 
















Expandable 






J( 










Control Features 
















On Chip Reference 


X 


X 


X 


X 


X 


X 


X 


Precision On Chip Reference 


- 


- 


X 


X 


X 


X 


- 


Oead Time Adjust 


X 


- 


X 


X 


X 


X 


X 


Current Sense Amplifier 


X 


X 




1 


~ 


~ 




Error Amplifier 




1 


x 




2 






Operates to 40 V 






20 V 


X 


X 


X 


X 


Operates above 40 V 












X 




Feed Forward Line Regulator 






X 










_ 

Protect ion neatures 
















On Chip Regulator 


X 


- 


X 


- 


- 


X 


- 


Internal Soft Start 


- 


- 


X 


- 


- 


- 


- 


Under \Zo1tarje Lockout 


- 


- 


X 


X 


X 


X 


- 


Inhibit Control 


- 


X 


X 


X 


X 


X 


- 


Ooublt Pulse Protection 


- 


- 


X 


X 


X 


X 


- 


Output Features 
















Single-ended Output 


X 


X 


- 


- 


- 


- 


2 


Double-ended Outptus 


- 


- 


X 


X 


X 


X 


- 


Totem-pole Outputs 


- 


- 


X 


- 


- 


- 


- 


Parallelable Outputs 


- 


- 


- 


X 


X 


X 


- 


Adjustable Output 


- 


- 


- 


- 


- 


- 


- 


tO R \/ tn OA \/\ 
















Output Current Capability 


- 




— 










(150 mAI 
















Isolated Power and Ground to 
















Output 
















High Noise Immunity 


- 


- 


X 


- 


- 


- 


- 


External Output Trigger 












X 




Part Number Ordering 
















Information 
















Commercial Temp Range 
















Plastic 


TL496CP 


TL497ACN 


TLC498CN 


TL593CN 


TL594CN 


TL596CN 


TL1415CN 


Ceramic 


TL496CJ 


TL497ACJ 


TLC498CJ 


TL593CJ 


TL594CJ 


TL595CJ 


TL1415CJ 


Industrial Temp Range 
















Plastic 




TL497AIN 






TL594IN 






Ceramic 




TL497A1J 






TL594IJ 






Military Temp Range 
















Ceramic 




TL497AMJ 




TL593MJ 


TL594MJ 
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AMD 


Tl 


723C 


uA723C 


Exar Tl 


XR2524 


SG2524 


XR3524 


SG3524 


Fairchild Tl 


^A78L02AC 


UA78L02AC 


^A78L05AC 


uA78L05AC 


jiA78L09AC 


UA78L09AC 


A "TO 1 1 1 A O 

/tA /oLl 2AC 


UA78L1 2AC 


A "701 1 C A f* 

^A /oLl bAL. 


. . A "70I 1 C A /"» 

UA /oLl bAL 


/(A /oLb.2AL. 


UA /oLUbAL. 


/iA /oMObL, 


..a 'JOhA/^cr* 
UA /oMObL. 


/*A/oMUbL. 


..A 70(ljlrtC^ 

uA /oMObL. 


A Ton JlrtO/^ 

fiA/oMUoC 


uA/oMUoL 


/iA /oivn 2C 


UA /oMl 2L 


/iA7oM l bC 


uA7oM l 5C 


/<A78M24C 


uA78M24C 


fiA /9MU5L, 


UA79M05C 


/iA79M0oC 


uA/9M0oC 


/zA79M1 2C 


uA79M I 2C 


^A79M l 5C 


.-A "7AII 4 1 C 1** 

uA79Mi 5C 


/iA21 7 


LM2 1 7 


;iA3 1 7 


LM31 7 


M A431 


TL431C 


/^A494 


TL494C 


,<A723C 


uA723C 


/<A7805C 


UA7805C 


^A7806C 


UA7806C 


,<A7808C 


UA7808C 


^A7812C 


UA7812C 


^A7815C 


UA7815C 


,*A7818C 


UA7818C 


/zA7824C 


UA7824C 


M A7885C 


UA7885C 


^A7905C 


UA7905C 


MA7908C 


UA7908C 


/iA7912C 


UA7912C 


,<A7915C 


UA7915C 


Fujitsu Tl 


MB3759 


TL494C 




ITT 


Tl 


TDD 1605 


UA78M05C 


TDD 1606 


UA78M06C 


TDD1608 


UA78M08C 


TDD1610 


UA78M10C 


TDD1612 


UA78M12C 


TDD1615 


uA78M15C 


TDD 1624 


UA78M24C 



Lambda 


Tl 


LAS1 505 


UA7805C 


LAS1 506 


uA7806C 


LAS1 508 


uA7808C 


LAS1 510 


UA7810C 


LAS1512 


uA781 2C 


LAS1 51 5 


uA781 5C 


LAS1518 


UA7818C 


LAS 1 524 


uA7824C 


1 AC1 Qf\C 




LAS 1806 


UA7906C 


LAS 1808 


UA7908C 


LAS1812 


UA7912C 


LAS1815 


uA7915C 


LAS1818 


UA7918C 


LAS 1824 


UA7924C 


LAS18052 


uA7952C 


Motorola Tl 


LM21 7 


LM21 7 


LM31 7L 


TL31 7 


LM31 7 


LM31 7 


LM340-5 


LM340-5 


LM340-12 


LM340-1 2 


LM340-1 5 


LM340-1 5 


MC78L05AC 


UA78L05AC 


MC78L05C 


UA78L05C 


MC78L08AC 


UA78L08AC 


MC78L08C 


uA78L08C 


MC78L12AC 


UA78L12AC 


MC78L12C 


UA78L12C 


MC78L15AC 


UA78L1 5AC 


MC78L15C 


UA78L15C 


MC78M05C 


UA78M05C 


MC78M06C 


UA78M06C 


MC78M08C 


UA78M08C 


MC78M12C 


UA78M12C 


MC78M15C 


UA78M15C 


MC78M20C 


UA78M20C 


MC78M24C 


UA78M24C 


MC79L05AC 


MC79L05AC 


MC79L05C 


MC79L05C 


MC79L12AC 


MC79L12AC 


MC79L12C 


MC79L12C 


MC79L15AC 


MC79L15AC 


MC79L15C 


MC79L15C 


MC1723C 


uA723C 


MC3423 


MC3423 


MC7805C 


uA7805C 


MC7806C 


UA7806C 


MC7808C 


UA7808C 


MC7812C 


UA7812C 


MC7815C 


uA7815C 



Motorola 


Tl 


MC781 8C 


uA781 8C 


MC7824C 


uA7824C 


MC7905C 


UA7905C 


MC7906C 


UA7906C 


MC7908C 


uA7908C 


MC791 2C 


UA7912C 


MC791 5C 


uA791 5C 


MC7918C 


uA7918C 


MC7924C 


UA7924C 


MC7905.2C 


UA7952C 


MC34060 


MC34060 


MC35060 


MC35060 


TL431C 


TL431C 


TL494C 


TL494C 




National 




I M7RI ORP 


uA7Rl arc 


I M7RI 1 JC 




i ivi7Ri 1 rt 


nA7RI 1 RP 
UM / OL 1 •J\* 


i M7Qync; 

LM / OIVIUO 


UM/OIVIUOL. 


LIVI / DM 1 £. 


UM / orvi I ZL. 


1 M"7QM 1 C 
LIVI / CM I D 


mA7QM1 CP 
UM /OIVI I OL 
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LM237 


LM317L 


TL317 
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LM317 


LM320 


LM320 


LM323 


LM323 


LM330-5.0 


LM330 


LM337 


LM337 


LM340A-5.0 


TL780-05C 


LM340A-12 


TL780-12C 


LM340A-15 


TL780-15C 


LM340-5.0 


LM340-5 


LM340-12 


LM340-12 


LM340-15 


LM340-15 


LM350 


LM350 


LM723C 


UA723C 


LM2524 


SG2524 


LM2930-5.0 


LM2930-5 


LM2930-8.0 


LM2930-8 


LM3524 


SG3524 


LM7805 


UA7805C 
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VOLTAGE REGULATOR ALTERNATE SOURCE INDEX 



National 


Tl 


LM7812 


UA7812C 


LM7815 


UA7815C 


LM7905 


UA7905C 


LM7912 


uA79l2C 


LM7915 


UA7915C 




NEC 


Tl 


UPC78L05 


UA78L05C 


UPC78L08 


UA78L08C 


UPC78L12 


UA78L12C 


UPC78L15 


UA78L15C 


UPC78M05 


UA78M05C 


UPC78M08 


UA78M08C 


UPC78M12 


UA78M12C 


UPC78M15 


UA78M15C 


UPC494C 


TL494C 


UPC7805 


UA7805C 


UPC7808 


UA7808C 


UPC7812 


UA7812C 


UPC7818 


UA7818C 


UPC7824 


UA7824C 




RCA 


Tl 


CA723 


UA723C 


CA2524 


SG2524 


CA3524 


SG3524 



Raytheon 

RC723 

RC4193 

Signetics 

SG2524 

SG3524 

SG3525A 

SG3527A 

M A723C 



Tl 

UA723C 
RC4193 

Tl 

SG2524 

SG3524 

SG3525A 

SG3527A 

uA723C 



Silicon 




General 


Tl 


SG217 


LM217 


SG237 


LM237 


SG317 


LM317 


SG323 


LM323 


SG337 


LM337 


SG340-5 


LM340-5 


SG340-12 


LM340-12 


SG350 


LM350 


SG723C 


UA723C 


SG1525A 


SG1525A 


SG1527A 


SG1527A 


SG2524 


SG2524 


SG2525A 


SG2525A 



Silicon 


Tl 




• 

Unitrode 


Tl 






i ir?t;')A 

UL-ZOZ** 
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1 L / OU- 1 OL. 
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UM / O t OL» 


OU /O 1 jU 


1 1 A 7Q 1 
UM /O I 






UM /3UOU 
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OU / o 1 OL< 


■ i A 7531 or 
UM /0 1 OL, 
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UL /» 1 ZL> 
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UM /OIVl 1 ZL 








OU / O 1 uL 1 
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OU / O 1 
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SG7824CT 


UA78M24C 








SG7824C 


UA7824C 








SG7905.2C 


UA7952C 








SG7905C 


UA7905C 








SG7908C 


uA7908C 








SG7912C 


UA7912C 








SG7915C 


UA7915C 








SG7918C 


UA7918C 








Toshiba Tl 






TA78L005A 


UA78L05AC 








TA78L005 


UA78L05C 








TA78L008A 


UA78L08AC 








TA78L008 


UA78L08C 








TA78L009A 


UA78L09AC 
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GLOSSARY 

VOLTAGE-REGULATOR TERMS AND DEFINITIONS 



SERIES REGULATORS 

Input Regulation 

The change in output voltage, often expressed as a percentage of output voltage, for a change in input voltage from one 
level to another level. 

NOTE: Sometimes this characteristic is normalized with respect to the input voltage change. 
Ripple Rejection 

The ratio of the peak-to-peak input ripple voltage to the peak-to-peak output ripple voltage. 
NOTE: This is the reciprocal of ripple sensitivity. 

Ripple Sensitivity 

The ratio of the peak-to-peak output ripple voltage, sometimes expressed as a percentage of output voltage, to the 

peak-to-peak input ripple voltage. 

NOTE: This is the reciprocal of ripple rejection. 

Output Regulation 

The change in output voltage, often expressed as a percentage of output voltage, for a change in load current from one 
level to another level. 

Output Resistance 

The output resistance under small-signal conditions. 

Temperature Coefficient of Output Voltage (a\/o) 

The ratio of the change in output voltage, usually expressed as a percentage of output voltage, to the change in 
temperature. This is the average value for the total temperature change. 



«VO 



|"VoatT 2 - VoatTil I" 100% 1 
|_ V at 25° C J |_T 2 -Ti J 



Output Voltage Change with Temperature 

The percentage change in the output voltage for a change in temperature. This is the net change over the total 
temperature range. 

Output Voltage Long-Term Drift 

The change in output voltage over a long period of time. 

Output Noise Voltage 

The rms value of the ac component of the output voltage, sometimes expressed as a percentage of the dc output voltage, 
with constant load and no input ripple. 

Current-Limit Sense Voltage 

The current-sense voltage at which current limiting occurs. 

Current-Sense Voltage 

The voltage that is a function of the load current and is normally used for control of the current-limiting circuitry. 
Dropout Voltage 

The low input-to-output differential voltage at which the circuit ceases to regulate against further reductions in input 
voltage. 
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GLOSSARY 

VOLTAGE-REGULATOR TERMS AND DEFINITIONS 



Feedback Sense Voltage 

The voltage that is a function of the output voltage and is used for feedback control of the regulator. 
Reference Voltage 

The voltage that is compared with the feedback sense voltage to control the regulator. 
Bias Current 

The difference between input and output currents. 
NOTE: This is sometimes referred to as quiescent current. 

Standby Current 

The input current drawn by the regulator with no output load and no reference voltage load. 

Short-Circuit Output Current 

The output current of the regulator with the output shorted to ground. 

Peak Output Current 

The maximum output current that can be obtained from the regulator due to limiting circuitry within the regulator. 

Overvoltage Shutdown Voltage 

The input voltage applied to a regulator having overvoltage shutdown protection that will cause the output voltage to 
go nearly to zero. 

Junction Temperature, Virtual Junction Temperature 

A temperature representing the temperature of the junction (s), field-effect transistor channel(s). or other internal 
point(s) of heat generation calculated on the basis of a simplified model of the thermal and electrical behavior of the 
semiconductor device. 



NOTE: These terms and symbols are based on JEDEC and IEC standards for voltage regulator diodes. 
Shunt Regulator 

A device having a voltage-current characteristic similar to that of a voltage-regulator diode; normally biased to operate 
in a region of low differential resistance (corresponding to the breakdown region of a regulator diode) to develop across 
its terminals an essentially constant voltage throughout a specified current range. 

Anode 

The electrode to which the regulator current flows within the regulator when it is biased for regulation. 
Cathode 

The electrode from which the regulator current flows within the regulator when it is biased for regulation. 

Reference Input Voltage (V re f) (of an adjustable shunt regulator) 

The voltage at the reference input terminal with respect to the anode terminal. 

Temperature Coefficient of Reference Voltage (ttVref) 

The ratio of the change in reference voltage to the change in temperature. This is the average value for the total 

temperature change. 

To obtain a value in ppm/°C: 



SHUNT REGULATORS 
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GLOSSARY 

VOLTAGE-REGULATOR TERMS AND DEFINITIONS 



Regulator Voltage (Vz) 

The dc voltage across the regulator when it is biased for regulation. 

Regulator Current (Izl 

The dc current through the regulator when it is biased for regulation. 

Regulator Current near Lower Knee of Regulation Range OzkI 

The regulator current near the lower limit of the region within which regulation occurs; this corresponds to the 
breakdown knee of a regulator diode. 

Regulator Current at Maximum Limit of Regulation Range (IzmI 

The regulator current above which the differential resistance of the regulator significantly increases. 

Differential Regulator Resistance (r z ) 

The quotient of a change in voltage across the regulator and the corresponding change in current through the regulator 
when it is biased for regulation. 

Noise Voltage (V nz ) 

The rms value of the ac component of the voltage across the regulator with the regulator biased for regulation and with 
no input ripple. 
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Descriptive Information 



LINEAR 

INTEGRATED 

CIRCUITS 



TYPES LM217, LM317 
3-TERMINAL ADJUSTABLE REGULATORS 

D2212. SEPTEMBER 1977 - REVISED DECEMBER 1982 



Output Voltage Range Adjustable 
from 1.2 V to 37 V 

Guaranteed Output Current 
Capability of 1 .5 A 

Input Regulation Typically 0.01% 
Per Input-Volt Change 

• Output Regulation Typically 0.1% 
terminal assignments 



• Peak Output Current Constant Over 
Temperature Range of Regulator 

• Popular 3-Lead TO-220AB Package 

• Ripple Rejection Typically 80 dB 

• Direct Replacement for National 
LM217 and LM317 



KC PACKAGE 



(TOP VIEW) 

i INPUT 
» OUTPUT 
ADJUSTMENT 

THE OUTPUT TERMINAL IS IN 
■LECTRICAL CONTACT WITH 
THE MOUNTING BASE 
TO 220AB 




description 



The LM21 7, and LM31 7 are adjustable 3-terminal positive-voltage regulators capable of supplying 1.5 amperes over 
a differential voltage range of 3 volts to 40 volts. They are exceptionally easy to use and require only two external 
resistors to set the output voltage. Both input and output regulation are better than standard fixed regulators. The 
devices are packaged in a standard transistor package that is easily mounted and handled. 

In addition to higher performance than fixed regulators, these regulators offer full overload protection available only 
in integrated circuits. Included on the chip are current limit, thermal overload protection, and safe-area protection. 
All overload protection circuitry remains fully functional even if the adjustment terminal is disconnected. Normally, 
no capacitors are needed unless the device is situated far from the input filter capacitors in which case an input bypass 
is needed. An optional output capacitor can be added to improve transient response. The adjustment terminal can 
be bypassed to achieve very high ripple rejection, which is difficult to achieve with standard 3-terminal regulators. 

Besides replacing fixed regulators, these regulators are useful in a wide variety of other applications. The primary 
applications of each of these regulators is that of a programmable output regulator, but by connecting a fixed resistor 
between the adjustment terminal and the output terminal, each device can be used as a precision current regulator. 
Even though the regulator is floating and sees only the input-to-output differential voltage, use of these devices to 
regulate output voltages that would cause the maximum-rated differential voltage to be exceeded if the output became 
shorted to ground is not recommended. The TL783 or TL783A is recommended for output voltages exceeding 37 
volts. Supplies with electronic shutdown can be achieved by clamping the adjustment terminal to ground, which 
programs the output to 1 .2 volts where most loads draw little current. 

The LM217and LM317are characterized for operation from -25°C to 150°C and from 0°C to 125°C, respectively. 



Copyright © 1982 by Texas Instruments Incorporated 
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TYPES LM217, LM317 
3 TERMINAL ADJUSTABLE REGULATORS 



electrical characteristics over recommended ranges of operating virtual junction temperature 
(unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 1 


LM217 


LM317 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


Input regulation 
(See Note 2) 


V| - V = 3 V to 40 V. 
See Note 3 


Tj = 25 °C 


0.01 0.02 


0.01 0.04 


%/V 


Iq = 10 mA to 1.5 A 


0.02 0.05 


0.02 0.07 


Rtppte rejection 


V = 10 V, f = 120 Hz 


65 


65 


dB 


V = 10 V, f = 120 Hz 
10-jiF capacitor between ADJ and ground 


66 80 


66 80 


Output regulation 


Irj = 10 mA to 1.5 A, 
Tj = 25 °C. See Note 3 


V s5V 


5 15 


5 25 


mV 


V > 5 V 


0.1 0.3 


0.1 0.5 


% 


Ifj = 10 mA to 1.5 A, 
See Note 3 


V <5V 


20 50 


20 70 


mV 


V > 5 V 


0.3 1 


0.3 1.5 


% 


Output voltage change 
with temperature 


Tj = MIN to MAX 


1 


1 


% 


Output voltage 
long-term drift 
(see Note 4) 


After 1000 h at Tj = MAX 
and V| - V = 40 V 


0.3 1 


0.3 1 


% 


Output noise voltage 


f = 10 Hz to 10 kHz, Tj = 25°C 


0.003 


0.003 


% 


Minimum output current 
to maintain regulation 


V| - Vo = 40 V 


3.5 5 


3.5 10 


mA 


Peak output current 


V| - V £ 15 V 


1.5 2.2 


1.5 2.2 


A 


V| - V £ 40 V 


0.4 


0.4 


Adjustment-terminal 
current 




50 100 


50 100 


/*A 


Change in adjustment- 
terminal current 


V| - Vq - 2.5 V to 40 V. 
Iq = 10 mA to 1.5 A 


0.2 5 


0.2 5 


*A 


Reference voltage 
(output to ADJ) 


V| - V = 3 V to 40 V. 

Iq = 10 mA to 1.5 A, P £ 20W 


1.2 1.25 1.3 


1.2 1.25 1.3 - 


V 



' Unless otherwise noted, these specifications apply for the following test conditions; V| - Vq - 5 V and Iq = 0.5 A. For conditions shown as MIN 

or MAX. use the appropriate value specified under recommended operating conditions. 
NOTES: 2. Input regulation is expressed here as the percentage change in output voltage per 1 -volt change at the input. 

3. Input regulation and output regulation are measured using pulse techniques lt w s 10 pS, duty cycle s 5%l to limit changes in average internal 
dissipation. Output voltage changes due to large changes in internal dissipation must be taken into account separately. 

4. Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a guarantee or warranty. 
It is an engineering estimate of the average drift 1o be expected from lot to lot. 
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TYPES LM217, LM317 

3-TERMINAL ADJUSTABLE REGULATORS 



schematic 




l 1 i 1 1 1 i » 1 1 1 1 1 1 1 i } DUKlPl 

AH F»uitar vrtU+oi tftown jro nominal sm) In ol*m*. 



absolute maximum ratings over operation temperature range (unless otherwise noted) 





LM217 


LM317 


UNIT 


Input-to-output differential voltage, V| - Vo 


40 


40 


V 


Continuous total dissipation at 25°C free-air temperature (see Note 1) 


2000 


2000 


mW 


Continuous toial dissipation at (or below) 25 Q C case temperature (sec Note 1) 


20 


20 


W 


Operating free-air, case, or virtual junction temperature range 


-25 to 150 


to 125 


°C 


Storage temperature range 


-65 to 150 


-65 to 150 


°C 


Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 


260 


260 


°C 



NOTE 1: For operation above 25°C free-air or case temperature, refer to Dissipation Derating Curves, Figures 15 and 16, page 104. 



recommended operating conditions 





LM217 


LM317 


UNIT 


MIN MAX 


MIN MAX 


Output current, Irj 


5 1500 


10 1500 


mA 


Operating virtual junction temperature, Tj 


-25 150 


125 


°C 
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TYPES LM217. LM317 

3 TERMINAL ADJUSTABLE REGULATORS 



TYPICAL APPLICATION DATA 




CI ■ 



Ei Iri j! ; 



"3r 

^l 1 

T D1 discharges C2 V 

if output is shorted to ground. 



HN4QTJZ 



-ova 



FIGURE 1 — ADJUSTABLE 
VOLTAGE REGULATOR 



FIGURE 2-0-V to30-V REGULATOR 
CIRCUIT 



FIGURE 3— ADJUSTABLE REGULATOR 
CIRCUITWITH IMPROVED 
RIPPLE REJECTION 




FIGURE 4- PRECISION CURRENT FIGURE 5— TRACKING PREREGULATOR FIGURE 6-1.2 to 2&V REGULATOR 

LIMITER CIRCUIT CIRCUIT CIRCUIT WITH MINIMUM 

PROGRAM CURRENT 



IN OUT 
AOJ 



IN OUT 
ADJ 



T 



Minimum load current from each output is TO mA. 

All output voltages will be within 200 mV of each other. 



FIGURE 7- ADJUSTING MULTIPLE ON CARD REGULATORS WITH A SINGLE CONTROL 



NOTES : A. Use of an input bypass capacitor is recommended if regulator is far from filter capacitors. 

B. Use of an output capacitor improves transient response but is optional. 

C. Output vohage is calculated from the equation: V^* v f< ff* * 1ST J 

V equals the difference between the output and adjustment terminal voltages. 
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TYPES LM217, LM317 
3-TERMINAL ADJUSTABLE REGULATORS 



TYPICAL APPLICATIONS 



v*c 


\tt OUT 


- — Wv •» 




H 


3J 


111 < 
2*0 if > 



\H OUT 



* Rg can! roll ouTpuT »rnpftJ*n£ft ol Charon* j.4 fcu 3 
R2 



T 



The use ol Rg allows low charging rates with a fully 
charged battery. 

FIGURE 8— BATTERY CHARGER CIRCUIT 



FIGURE 9-50 mA CONSTANT-CURRENT 
BATTERY CHARGER CIRCUIT 




FIGURE 10-SLOW-TURN-ON 15-V 
REGULATOR CIRCUIT 



12 Vp-p 
^37 



-TTT7T 



< G V 



BVpp 
2 W Averaga 




FIGURE 11-A-C VOLTAGE REGULATOR 
CIRCUIT 



t This resistor sets peak current (0.6 A for 1 SI). 

FIGURE 12— CURRENT-LIMITED 
6-V CHARGER 




FIGURE 13— ADJUSTABLE 4-A REGULATOR FIGURE 14— HIGH-CURRENT ADJUSTABLE REGULATOR 
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TYPES LM217. LM317 

3 TERMINAL ADJUSTABLE REGULATORS 



THERMAL INFORMATION 



FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



25 





Derating factor = 1 6 mW/° C 




P 


JA * 


















































\ 
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\ 



50 
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150 
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E 
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10 
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CASE TEMPERATURE 
DISSIPATION DERATING CURVE 

















S 










































\ 
























Derating factor = 
above 70 g C 

■ 


250 mW, 







TA-Ff tfC'Air TarnpftratUfe- C 



25 50 75 100 125 

Tc-Case Temperature-*C 



150 



FIGURE 15 



FIGURE 16 
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LINEAR 

INTEGRATED CIRCUITS 



TYPES LM237, LM337 
3-TERMINAL ADJUSTABLE REGULATORS 



D2640. NOVEMBER 1981 



Output Voltage Range Adjustable 
from -1.2 V to -37 V 

Guaranteed \q Capability of 1.5 A 

Input Regulation Typically 0.01% per 
Input-Volt Change 

Output Regulation Typically 0.3% 

Peak Output Current Constant Over 
Temperature Range of Regulator 

Ripple Rejection Typically 77 dB 

Direct Replacement for National 
Semiconductor LM237, LM337 



LM237, LM337 . . . KC PACKAGE 



description 



(TOP VIEW) 



5 OUTPUT 
3 INPUT 

* ADJUSTMENT 



THE INPUT TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 
TO-220AB 




The LM237 and LM337 are adjustable 3-terminal negative-voltage regulators capable of supplying in excess of —1.5 A 
over an output voltage range of — 1.2 V to —37 V. They are exceptionally easy to use, requiring onfy two external 
resistors to set the output voltage and one output capacitor for frequency compensation. The current design has been 
optimized for excellent regulation and low thermal transients. In addition the LM237 and LM337 feature internal 
current limiting, thermal shutdown, and safe-area compensation, making them virtually immune to blowout by 
overloads. 

The LM237 and LM337 serve a wide variety of applications including local on-card regulation, programmable output 
voltage regulation, or precision current regulation. They are ideal complements to the LM217 and LM317 adjustable 
positive-voltage regulators. 



schematic diagram 




Texas Instruments 

INCORPORA? ED 
POSTOfFlCE BOX 226012 • OALLAS. TEXAS 75265 



TYPES LM237, LM337 

3-TERMINAL ADJUSTABLE REGULATORS 



absolute maximum ratings over operating temperature range (unless otherwise noted) 



Input-to-output differential voltage, V| — Vq —40 V 

Continuous total dissipation at 25°C free-air temperature (see Note 1 ) 2 W 

Continuous total dissipation at {or below) 25°C case temperature {see Note 1) 20 W 

Operating free-air, case, or virtual Junction temperature range: LM237 — 25°C to 150°C 

LM337 0°Cto 125°C 

Storage temperature range — 65°C to 150°C 

Lead temperature 1/16 inch from case for 10 seconds 260°C 



NOTE 1 : For operation above 25" C free-air or case temperature, rotor to Dissipation Derating Curves. Figures 1 and 2. 



FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 
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CASE TEMPERATURE 
DISSIPATION DEBATING CURVE 















































N 












k 
























- Duratir 
abc 
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Ta — Free-Air Temperature- C 
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Tc— Case Temperature— °C 
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TYPES LM237, LM337 
3 TERMINAL ADJUSTABLE REGULATORS 



recommended operating conditions 





LM237 


LM337 


UNIT 




MIN 


MAX 


MIN 


MAX 


Output current, \q 


|V|-V O K40 V, 
P < 15 W 


10 


1500 


10 


1500 




IV) - Vol < 10 V, 
P < 15W 


6 


1500 


6 


1500 


r»A 


Operating virtual junction temperature, Tj 


-25 


150 





125 





electrical characteristics over recommended ranges of operating virtual junction temperature 
(unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


LM237 


LM337 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


Input regulation^ 


V| - V - -3 V to -40 V, 
See Note 2 


Tj - 25° C 


0.01 0.02 


0.01 0.04 


%/V 


Tj - MIN to MAX 


0.02 0.05 


0.02 0.07 


Ripple rejection 


V - -10 V. ! - 120 Hz 


60 


60 


dB 


V --10V, f- 120 Hz 
C ADJ *= 10 mF 


66 77 


66 77 


Output regulation 


Iq " 10 mA to 1.5 A, 
Tj « 25° C, See Note 2 


|V I < 5 V 


25 


50 


mV 


|V I > 5 V 


0.5 


1 


% 


Iq ■ 10 mA to 1.5 A, 
See Note 2 


|V | < 5 V 


50 






|V I > 5 V 


1 


1.5 


% 


Output voltage 

change with temperature 


Tj - MIN to MAX 


0.6 


0.6 


% 
% 


Output voltage 
long term drift 
(see Note 3) 


After 1000 h at Tj - MAX and V| - V - -40 V 


0.3 1 


0.3 1 


Output noise voltage 


f - 10 Hz to 10 kHz, Tj - 25°C 


0.003 


0.003 


% 


Minimum output 
current to maintain 
regulation 


|V| - V I < 40 V 


2.5 5 


2.5 10 


mA 


|V| - V I < 10 V 


1.2 3 


1.5 6 


Peak output current 


IV, - V I < 15 V 


1.5 2.2 


1.5 2.2 


A 


|V| - V I < 40 V, Tj-25°C 


0.24 0.4 


0.15 0.4 


Adjustment- 
terminal current 




65 100 


65 100 


MA 


Change in adjustment 
terminal current 


V| - V - -2.5 V to -40 V, 

Iq " 10 mA to MAX, Tj - 25°C 


2 5 


2 5 


>jA 


Reference voltage 
(output to ADJ) 


Vj - V - -3 to -40 V. 
Iq " 10 mA to 1.5 A, 
P < rated dissipation 


Tj - 25° C 


-1.225 -1.250 -1.275 


-1.213 -1.25 -1.287 


V 


Tj - MIN to MAX 


-1.2 -1.25 -1.3 


-1.2 -1.25 -1.3 


Thermal regulation 


Initial Tj « 25 C, 10-ms pulse 


0.002 0.02 


0.003 0.04 


%/w 



r Unless otherwise noted, these specifications apply 'or tho following test conditions IV ( - Vq I - S V and Iq ■ 0.5 A. For conditions shown as 
MIN or MAX, use the appropriate value specified under recommended operating conditions, 
l-lnput regulation is expressed horo as tho percentage change ]n output voltage per 1 volt chango at the inpul, 

NOTES: 2. Input regulation and output regulation are measured using pulse techniques (t M < 10 us, duty cycle < 5%) to limit changes In 
average internal dissipation. Output voltage changes due to large changes In Intornal dissipation must be taken into account 
separately. 

3. Since long term drift cannot bo measured on tho individual devices prior to shipment, this specification is not intended to bo a 
guarantee or warranty. It is an engineering estimate of tho average drift to bo expected from lot to lot. 
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TYPES LM237. LM337 

3-TERMINAL ADJUSTABLE REGULATORS 



TYPICAL APPLICATION DATA 



LM237 

OR 
LM337 



IN OUT 
APJ 



-v 



Rl is typically 120 II 

-Vq _\ 

\ I.I"- ) 



/-v \ 

R2 - R 1 [ — 1| whoro Vq is thu output in volts. 



CI is a 1-uF solid tantalum required only if tho regulator is more than 10 cm (4 in.) from thB 

power supply filter capacitor, 
C2 is a 1 uF solid tantalum or IOmF aluminum electrolytic required tor stability. 



FIGURE 3 - ADJUSTABLE NEGATIVE-VOLTAGE REGULATOR 




1.25 V 
'LIMIT 



FIGURE 4 - CURRENT-LIMITING CIRCUIT 
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LINEAR 

INTEGRATED CIRCUITS 



TYPE SERIES LM320 
3-TERMINAL NEGATIVE-VOLTAGE REGULATORS 

D2334. APRIL 1983 



• 3-Terminal Regulators 

• Internal Thermal Overload Protection 

• Internal Short-Circuit Current Limiting 

• Easily Adjustable to Higher Output Voltage 

• Interchangeable with National 
Semiconductor LM320 Series 



KC PACKAGE 



NOMINAL 


MAXIMUM 




OUTPUT 


OUTPUT 


REGULATOR 


VOLTAGE 


CURRENT 




-5 V 


1.5 A 


LM320-5 


-12 V 


1 A 


LM320-12 


-15 V 


1A 


LM320-15 



(TOP VIEW) 



THE INPUT TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 
TO-220AB 




description 

The LM320 series of three-terminal, fixed-negative-voltage monolithic integrated circuit voltage regulators are designed 
to provide a fixed output voltage of - 5 volts, - 1 2 volts, and - 1 5 volts with up to 1 .5 amperes of output current. 
Each is designed for a wide range of applications which includes on-card regulation for elimination of noise and distribution 
problems associated with single-point regulation. 

The internal current limiting and thermal shutdown features of these regulators make them essentially immune to 
overload. The LM320, when used as a fixed-voltage regulator, needs only one external component: a compensation 
capacitor at the output terminal. In addition, these devices can be used with external components to obtain adjustable 
output voltages and currents or as the power-pass element in precision regulators. 

schematic diagram 

LM320-5 





o os n 



For LM320-5, R' - 50 0. For LM320 12 and LM320-15. FT - 150 
All component values are nominal. 
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TYPE SERIES LM320 

3-TERMINAL NEGATIVE-VOLTAGE REGULATORS 



absolute maximum ratings over operating temperature range (unless otherwise noted) 



Input voltage: LM320-5 -25 V 

LM320-12 -35 V 

LM320-15 -35 V 

Input-output voltage differential 25 V 

Continuous total dissipation at 25°C free-air temperature (see Note 1) 2 W 

Continuous total dissipation at (or below) 25 °C case temperature (see Note 1) 15 W 

Operating free-air, case, or virtual junction temperature range -55°C to 150°C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260°C 



NOTE 1: For oporalion above 25 °C Iree-air or case temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual junction temperature. 

These ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal resistance, the built-in thermal overload 
protection may be activated at power levels slightly above or below the rated dissipation. 



FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



CASE TEMPERATURE 
DISSIPATION DERATING CURVE 
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E 




E 
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FIGURE 1 
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FIGURE 2 



recommended operating conditions 





MIN 


MAX 


UNIT 




LM320-5 


-7.5 


-25 




Input voltage, V[ 


LM320-12 


-14.5 


-32 


V 




LM320-15 


-17.5 


-35 






LM320-5 


1.5 




Output current, Iq 


LM320-12 


1 


A 




LM320-15 


1 




Operating virtual junction temperature, Tj 


O 


125 


°C 
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TYPE SERIES LM320 
3-TERMINAL NEGATIVE-VOLTAGE REGULATORS 



LM320-5 electrical characteristics at specified virtual junction temperature, lo = 5 mA, V| = -10 V, 
(unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


MIN 


TYP 


MAX 


UNIT 






Tj = 


25 °C 


-4.8 




-5.2 




Output voltage 


V| = -7.5 V to -25 V, 
P < 15 W, 


l = 
Tj = 


5 mA to 1 .5 A, 
0°C to 125°C 


-4.75 




-5.25 


V 


Input regulation 


V t = -7.5 V to -25 V, 


Tj = 


25°C 




10 


40 


mV 


Ripple rejection 


f = 120 Hz. 


Tj = 


0°C to 125°C 


54 


64 




dB 


Output regulation 


Iq = 5 mA to 1 .5 A, 


Tj = 


25°C 




50 


100 


mV 


Output noise voltage 


C L = 1 /t F, f = 10 Hz to 100 kHz, 


Tj = 


25 °C 


150 


,.V 


Output voltage long-term 
drift (see Note 2) 


After 1000 h at Tj = 125°, 


Tj = 


25°C 


10 


mV 


Bias current 


V| = -7.5 V to -25 V, 


Tj = 


0°C to 125°C 


1 2 


mA 


Bias current change 


V ( = -7.5 V to -25 V 


Tj = 


25 °C 




0.1 


0.4 


mA 


Iq = 5 mA to 1.5 A 




0.1 


0.4 



LM320-12 electrical characteristics at specified virtual junction temperature, lo = 5 mA, V| = -17 V, 
(unless otherwise noted) 



PARAMETER 


TEST CONDITIONS t 


MIN 


TYP 


MAX 


UNIT 




T.| 2S«C 


-11.6 


-12 


-12.4 




Output voltage 


V| = -14.5 V to -32 V, 
P <; 15 W. 


Iq = 5 mA to 1 A, 
Tj = 0°C to 125°C 


-11.4 




-12.6 


V 


Input regulation 


V| = -14.5 V to -32 V, 


Tj = 25 °C 




4 


20 


mV 


Ripple rejection 


f = 120 Hz, 


Tj = 0°C to 125°C 


56 


80 




dB 


Output regulation 


= 5 mA to 1 A, 


Tj = 25 °C 




30 


80 


mV 


Output noise voltage 


C L = 1 M F, f = 10 Hz to 100 kHz, 


Tj = 25 °C 


400 


*v 


Output voltage long-term 
drift (see Note 2) 


After 1000 h at Tj = 125°C, 


Tj = 25°C 


24 


mV 


Bias current 


V| = - 14.5 V to -32 V. 


Tj - 0°C to 125°C 




2 


4 


mA 


Bias current change 


V| = -14.5 V to -32 V 


Tj = 25 °C 




0.1 


0.4 


mA 


Iq ~ 5 mA to 1 A 




0.1 


0.4 


LM320-15 electrical characteristics at specified virtual junction temperature, Iq = 


= 5 mA, V| = 


= -20 V, 


(unless otherwise noted) 












PARAMETER 


TEST CONDITIONS* 


MIN 


TYP 


MAX 


UNIT 




Tj = 25 °C 


-14.5 


-15 


-15.5 




Output voltage 


V t = -17.5 Vto -35 V, 


Iq = 5 mA to 1 A. 


-14.3 




-15.7 


V 




P < 1 5 W, 


Tj = 0°C to 125°C 






Input regulation 


V t = -17.5 V to -35 V, 


Tj = 25 °C 




5 


20 


mV 


Ripple rejection 


f = 120 Hz, 


Tj - 0°C to 125°C 


56 


80 




dB 


Output regulation 


lO = 5 mA to 1 A 


Tj = 25 °C 




30 


80 


mV 


Output noise voltage 


C L = 1 ,tF, f = 10 Hz to 100 kHz, 


Tj = 25 °C 


400 


M V 


Output voltage long-term 
drift Isee Note 2) 


After 1000 h at Tj = 125°C. 


Tj = 25°C 


30 


mV 


Bias current 


V| = -17.5 V to -35 V, 


Tj = 0°C to 125°C 




2 


4 


mA 


Bias current change 


V| = -17.5 V to -35 V, 


Tj - 25°C 




0.1 


0.4 


mA 


Iq = 5 mA to 1 A 




0.1 


0.4 



* All characteristics are measured with a 1-/iF capacitor across the input and a 2 pF solid-tanialum capacitor across the output. All characteristics except ripple 
rejection and output noise voltage aie measured using pulse techniques (l w S 10 ms. duly cycle < 5% I. Output voltage changes due to changes in internal 
temperature must be taken into account separately. 

NOTE 2: Since !ong-lerm drift cannot be measured on the individual devices prior to shipment, this specification is not intended to bo a guarantee or warranty. 
It is an engineering estimate of the average drift to be expected from lot to lot. 
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TYPE SERIES LM320 

3 TERMINAL NEGATIVE-VOLTAGE REGULATORS 



T.01 
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TYPICAL CHARACTERISTICS 

NORMALIZED OUTPUT VOLTAGE 
vs 

VIRTUAL JUNCTION TEMPERATURE 



— t— 

LM3ZO-T2 AMD LM320-15 




-50 -25 25 50 75 100 125 150 
Tj— Virtual Junction Temperature— °C 
FIGURE 3 



RIPPLE REJECTION 
vs 

FREQUENCY 



1Q0 




100 Ik 10 k 

f— Frequency— Hz 
FIGURE 4 
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BIAS CURRENT 
vs 

INPUT VOLTAGE 
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FIGURE 5 



BIAS CURRENT 
vs 

OUTPUT CURRENT 
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FIGURE 6 



Texas Instruments 

INCORPORATED 
POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



TYPE SERIES LM320 
3 TERMINAL NEGATIVE-VOLTAGE REGULATORS 



t 



TYPICAL CHARACTERISTICS 
SHORT-CIRCUIT OUTPUT CURRENT 

in 

INPUT-OUTPUT VOLTAGE DIFFERENT (A L 
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FIGURE 7 



DROPOUT VOLTAGE 
vs 

OUTPUT CURRENT 
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FIGURE 8 
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OUTPUT IMPEDANCE 
vs 

FREQUENCY 
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TYPE SERIES LM320 

3-TERMINAL NEGATIVE-VOLTAGE REGULATORS 



TYPICAL APPLICATION INFORMATION 



I LM320 □ 
C 



Set Nole A 



-Vq 



vJ^ C2 ■ 2 

S« Note 6 




LM320-5 

5 V 

' L = 1mA+ R| 



LM320-12KC 
I L - 2 mA + - 



LM320-15KC 
lL ■ 2 mA + 



15 V 



FIGURE 10 - FIXED-VOLTAGE REGULATOR 



FIGURE 11 - CURRENT SOURCE REGULATOR 



f LM320 O 
C 



:C1*1jjF I i 

fiti Note A T X* 
^€3 =2B n F JgT R2 



V Ri + R2 

vo^vrz — — 

R2 

:C2-2jiF 
5*4 Nine B 



FIGURE 12 - ADJUSTABLE OUTPUT REGULATOR 




FIGURE 13 - HIGH-STABILITY REGULATOR 



NOTES: A. Capacitor CI is required if tho regulator is noi located within 75 mm [3 inches) of the powor supply filter. 

B. Capacitor C2 is required for stability- For the value given, the capacitor must be solid tantalum but a 25v*F aluminum electrolytic may be substituted. 
Values given may be increased without limit. 

C. In Figure 13 capacitor CI is solid tantalum. 

D. This resistor dotermines zener cuirent. Adjust to minimize thormol drift. 
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LINEAR 

INTEGRATED CIRCUITS 



• 3-A Output Current Capability 

• 2.5-V Dropout Voltage 

• Thermal Shutdown Protection 

• Internal Current Limiting Protection 

• Output Impedance . . . 0.01 fi Typ 

• Power Dissipation up to 30 W 

• Direct Replacement for National 
Semiconductor LM323 



TYPE LM323 
3-AMP, 5V0LT POSITIVE REGULATOR 



D2717, JANUARY 1983 



KA PACKAGE 
ITOP VIEW) 




COMMON ICAStf 



TQ-3 




description 

The LM323 is a three-terminal, fixed-positive-voltage regulator with a 5-volt output and a load driving capability of 
3 amperes. The LM323 provides high output current capabilities through new circuit design and processing without 
sacrificing the regulation characteristics of lower-current devices. 

The internal current-limiting and thermal-shutdown features make this device essentially immune to overload. The 
LM323 requires no external components for fixed-voltage operation, however if the device is more than four inches 
from the input filter capacitor, a 1-microfarad solid-tantalum capacitoi should be used at the input, A 0.1-microfarad 
capacitor at the output may be used to improve output transient response. In addition to its use as a fixed-voltage 
regulator, the LM323 can be used with external components to obtain adjustable output voltages and currents and 
can also be used as the power-pass element in precision regulators. 

The LM323 is characterized for operation from 0°C to 125°C. 
schematic diagram 




Comyunenl valuai iJiawn nominal, 

Copyright 1993 by Texas Instruments Incorporated 
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TYPE LM323 

3 AMP, 5-VOLT POSITIVE REGULATOR 



absolute maximum ratings over operating temperature range (unless otherwise noted) 



Input voltage 20 V 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 1) 3.5 W 

Continuous total dissipation at (or below) 25 °C case temperature (see Note 1) 30 W 

Operating free-air, case, or virtual junction temperature range — 55°C to 150°C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 300°C 



NOTE 1: For operation above 25°C free-air temperature, refer to Figure 1. For operation above 25°C case temperature, refer to Figure 2. 



recommended conditions 





MIN NOM MAX 


UNIT 


Input voltage 


7.5 15 


V 


Output current 


3 


A 


Operating virtual junction temperature range, Tj 


125 





electrical characteristics at 25 C virtual junction temperature, P < 30 W (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 




V| = 7.5 V, Iq = 


4.8 


5 


5.2 




Output voltage 


V| = 7.5 V to 15 V, l = to 3 A, 
PS30W, Tj = 0°C to 125 


°C 


4.75 




5.25 


V 


Input regulation 


V| = 7.5 V to 15 V, 


See Note 2 




5 


25 


mV 


Output regulation 


V| = 7.5 V, l = to 3 A. 


See Note 2 




25 


100 


mV 


Output noise voltage 


f = 100 Hz to 100 kHz 


40 


*V 


Output voltage long-term 


After 1000 h at Tj and V| 




35 


mV 


drift (see Note 3) 


both at maximum rated values 




Bias current 


V| = 7.5 V to 15 V, l = to 3 A, 
Tj = 0°C to 125°C 




12 


20 


mA 


Short-circuit output current 


V| = 7.5 V 




4 


5 


A 


V t = 15V 




3 


4.5 





NODES' 2. Input regulation and output regulation are measured using pulse techniques It w s 1 ms. duty cycle s 5%) to limit changes in average internal 
dissipation. Output voltage changes due to large changes in internal dissipation must be taken into account separately. 
3. Since long-term drift cannot be measured on the individual device prior to shipment, this specification Is not intended to be a guarantee or 
warranty. It is an engineering estimate of the average drift to bo expected from lot to lot. 
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TYPE LWI323 
3-AMP, 5V0LT POSITIVE REGULATOR 



THERMAL INFORMATION 



FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 
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CASE TEMPERATURE 
DISSIPATION DERATING CURVE 
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TYPE LM323 

3-AMP, 5-VOLT POSITIVE REGULATOR 



TYPICAL CHARACTERISTICS 



OUTPUT VOLTAGE 
vs 

VIRTUAL JUNCTION TEMPERATURE 



I 4 >G 



Vi- 10 v 

l ■ MoiA 



^7S-Vn-« ^ K-3 
FIGURE 3 



OUTPUT NOISE VOLTAGE 
vs 

FREQUENCY 



BIAS CURRENT 
vs 

INPUT VOLTAGE 

















V 


r 


j - tjs t 













































V| - Input VolUgf - V 

FIGURE 5 



SHORT CIRCUIT OUTPUT CURRENT 
vs 

INPUT VOLTAGE 
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PEAK OUTPUT CURRENT 
vs 

INPUT VOLTAGE 
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TYPE LM323 
3-AMP, 5-VOLT POSITIVE REGULATOR 



TYPICAL CHARACTERISTICS 



OUTPUT IMPEDANCE 
vs 

FREQUENCY 




DROPOUT VOLTAGE 
vs 

VIRTUAL JUNCTION TEMPERATURE 
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FIGURE 10 



INPUT TRANSIENT RESPONSE 
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FIGURE 11 



LOAD TRANSIENT RESPONSE 
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FIGURE 12 



TYPICAL APPLICATIONS DATA 



v,- 



INPUT OUTPUT 
COMMON 



. Cl = 1 ,iF 
' (See Note B) 



-v 



. C2 = 0.1 f if 
b (See Note C) 



NOTES: A. All capacitors are solid tantalum. 

6. Use of capacitor CI is required If regulator is more than 10 cm (4 inches) from filter capacitor. 
C. Use of capacitor C2 (optional] improves transient response timo. 
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LINEAR 

INTEGRATED 

CIRCUITS 



TYPE LM330 
3-TERMINAL POSITIVE REGULATOR 



D2700, APRIL 1983 



KC PACKAGE 



(TOP VIEWI 



THE COMMON TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 
TO-220AB 




• Input-Output Differential Less than 0.6 V 

> Output Current of 150 mA 

► Reverse Polarity Protection 

• Line Transient Protection 

• Internal Short-Circuit Current Limiting 

• Internal Thermal Overload Protection 

• Mirror-Image Insertion Protection 

• Direct Replacement for National LM330T-5.0 



description 

The LM330 3-terminal positive regulator features an ability to source 1 50 milliamperes of output current with an input- 
output differential of 0.6 volt or less. Familar regulator features such as current limit and thermal overload protection 
are also provided. 

The LM330 has low dropout voltage making it useful for certain battery applications. For example, since the low dropout 
voltage allows a longer battery discharge before the output falls out of regulation, a battery supplying the regulator 
input voltage may discharge to 5.6 volts and still properly regulate the system and load voltage. The LM330 protects 
both itself and the regulated system from reverse installation of batteries. 

Other protection features include line transient protection above 40 volts, where the output actually shuts down to 
avoid damaging internal and external circuits. The LM330 regulator cannot be harmed by temporary mirror-image 
insertion. 

schematic diagram 
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TYPE LM330 

3 TERMINAL POSITIVE REGULATOR 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



Continuous input voltage 26 V 

Transient input voltage t - Is 50 V 

t = 100 ms 60 V 

Continuous total dissipation at 25 °C free-air temperature (see Note 11 2 W 

Continuous total dissipation at (or below) case temperature (see Note 1) 20 W 

Operating free-air, case, or virtual junction temperature -55°C to 150°C 

Storage temperature -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch! from case for 10 seconds 260°C 



NOTE 1 : For operation above 25°C free-air or case temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal resistance, the built-in thermal overload 
protection may be activated at power lovols slightly above or below the rated dissipation. 
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recommended operating conditions 
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TYPE LM330 
3TERMINAL POSITIVE REGULATOR 



electrical characteristics at 25 °C virtual junction temperature, V| = 14 V, Irj = 150 mA, 
(unless otherwise noted) 



PARAMETERS 


TEST CONDITIONS T 


MIN TYP MAX 


UNIT 


Output voltage 


V| = 6 V to 26 V, lo = 5 mA to 150 mA, 


4.8 5 5.2 


V 


Tj = 0°C to 100°C 


4.75 5.25 


Input regulation 


\q = 5 mA 


V| = 9 V to 16 V 


7 25 


mV 


V| = 6 V to 26 V 


30 60 


rvippiu f cjul. nun 


f = 120 Hz 


56 


dB 


Output regulation 


Iq = 5 mA to 150 mA 


14 50 


mV 


term drift* 


After 1000 h at Tj « 100°C 


20 


mV 


Dropout voltage 


l = 1 50 mA 


0.32 0.6 


V 




f = 10 Hz to 100 kHz 


50 




Output voltage with 
input polarity reversed 


R L - 100 n 


V| = -30 V, t = 100 ms 


> -0.3 


V 


V| = -12 V, DC 


> -0.3 


Output voltage with 

input LfaTldluiH 


V| = 60 V, t = 100 ms 


< 5.5 


V 


V| = 50 V, t = 1 s 


<5.5 


Bias current with input 
transient 


R L = ioo n 


V| = 40 V, t = IS 


14 


mA 


V| = -6 V. t = 1 s 


-80 


Overvoltage shutdown 
voltage 




26 45 


V 


Output impedance 


l = 100 mA, l G = 10 mA (rms), f = 100 Hz to 10 kHz 


200 


mfl 


Bias current 


Iq = 10 mA 


3.5 7 


mA 


Iq = 50 mA 


5 1 1 


l = 1 50 mA 


18 40 


Bias current change 


V| = 6 V to 26 V 


10 


% 


Peak output current 




1 50 420 700 


mA 



'Unless otherwise specified, all characteristics except ripple rejection and noise voltage measurements are measured using pulse techniques 
(t w £ 10 ms, duty cycle £ 5%) with a capacitor of 0.1 across the input and a capacitor of 10 jiF across the output. Output voltago changes due to 
changes in internal temperature must bo taken into account separately. 

''Since long term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a guarantee or warranty. It 
is an engineering estimate of the average drift to be expected from lot to lot. 
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TYPE LM330 

3-TERMINAL POSITIVE REGULATOR 



TYPICAL CHARACTERISTICS 



OUTPUT VOLTAGE 
vs 

VIRTUAL JUNCTION TEMPERATURE 



OUTPUT VOLTAGE 
vs 

INPUT VOLTAGE 



> > 
I" 

I 



■ >.*. 
MJ 










































,075 

dgg 














s 








/ 














\ 






















\ 






















s 










































ton 


1 

-Vi - 14 

i 



































D —40 -20 20 40 GO 80 100 120 140 
Tj-Virtuil Junction 1«iro«f»lui t- C 



~ — r~ 



- 100 rt 



V|-lnpul VolliBt-V 

FIGURE 4 



OUTPUT VOLTAGE 
Vi 

INPUT VOLTAGE 



z 



1 

V t -ln 



PEAK OUTPUT CURRENT 
vs 

INPUT VOLTAGE 




RIPPLE REJECTION 
vs 

FREQUENCY 



3 

a 

1- 













* M V 






























\ 


/ 



















































i H it J» » H» 

V|-lnpul Vall«9)-V 

FIGURE 6 

DROPOUT VOLTAGE 
vs 

VIRTUAL JUNCTION TEMPERATURE 




id loo i4 tat tool im 
FIGURE 7 

DROPOUT VOLTAGE 
vs 

OUTPUT CURRENT 



1 




c 












































































- 

















MGUftE 9 



IQ-Ouipul Comnt-mA 

FIGURE 10 



RIPPLE REJECTION 
vs 

OUTPUT CURRENT 



7 
i 

c 

S-40 
e 

! 



1 

Vi-Vn " 9 V 








'o- 


120 H* 































































































IQ-Outpul Currtnl-mA 

FIGURE 8 

OUTPUT IMPEDANCE 
vs 

FREQUENCY 



10 l« Ik 10 b t90k 111 

l-Fi«qutnev-Hj 



Texas Instruments 

I NCOR POR ATE D 
POST OFFICE 80X 225012 • DALLAS TEXAS 7S2G5 



TYPE LM330 
3-TERMIRIAL POSITIVE REGULATOR 



TYPICAL CHARACTERISTICS 
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TYPE LM330 

3 TERMINAL POSITIVE REGULATOR 



TYPICAL APPLICATION DATA 



V| 

C1 =0.1 uF . 
(See Note A) 1 



INPUT 



LM330 



GND 



OUTPUT 



J>"-' 



— v 

C2*= 10mF 
(See Note B) 



N QTE£. A. Use of CI is requirod If the rogulator is not located In closo proximity to the supply filter. 

B Capacitor C2 must bo located as close as possible to the regulator and may bo an aluminum or tantalum typo capacitor. The 
minimum capacitance that will provide stability Is 1 uF. The capacitor must bo rated for operation at —40 C to guarantee 
stability to that extreme. 



FIGURE 20 
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LINEAR 

INTEGRATED 

CIRCUITS 



SERIES LM340 
POSITIVE-VOLTAGE REGULATORS 

D2332. SEPTEMBER 1977-REVlSED MARCH 1983 



• 3-Terminal Regulators 

• Output Current up to 1.5 A 

• No External Components 

• Internal Thermal Overload 

• High Power Dissipation Capability 

• Internal Short-Circuit Current Limiting 

• Output Transistor Safe-Area Compensation 

• Output Load Regulation . . . 0.3% Typ 

• Direct Replacements for National LM340 
Series 

description 

This series of fixed-voltage monolithic integrated- 
circuit voltage regulators is designed for a wide range 
of applications. These applications include on-card 
regulation for elimination of noise and distribution 
problems associated with single-point regulation. Any 
of these regulators can deliver up to 1.5 amperes of 
output current. The internal current limiting and 
thermal shutdown features of these regulators make 
them essentially immune to overload. In addition to 
use as fixed-voltage regulators, these devices can be 
used with external components to obtain adjustable 
output voltages and currents and also as the power- 
pass element in precision regulators. 



NOMINAL 




OUTPUT 


REGULATOR 


VOLTAGE 




5 V 


LM340-5 


12 V 


LM340-12 


15 V 


LM340-15 



KC PACKAGE 



(TOP VIEW) 



THE COMMON TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 
TO-220AB 




schematic 




Resistor values shown are nominal and in ohms. 



Copyright ) 1983 by Texas Instruments Incorporated 
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SERIES LM340 

POSITIVE-VOLTAGE REGULATORS 



absolute maximum ratings over operating temperature range (unless otherwise noted) 



Input voltage 35 V 

Continuous total dissipation at 25°C free-air temperature (see Note 1) 2 W 

Continuous total dissipation at (or below) 25 °C case temperature (see Note 1) 15 W 

Operating free-air, case, or virtual junction temperature range -55°C to 150°C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260°C 



NOTE I: For operation above 25°C free-aif or case temperature, letst to Dissipation Derating Curves. Figures 1 and 2. 
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recommended operating conditions 





MIN 


MAX 


UNIT 




LM340-5 


7 


25 




Input voltage, V| 


LM340-12 


14.5 


30 


V 




LM340-15 


17.5 


30 




Output current, 1q 


1.5 


A 


Operating virtual junction temperature. Tj 





125 


°C 
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SERIES LM340 
POSITIVE-VOLTAGE REGULATORS 



LM340-5 electrical characteristics at specified virtual junction temperature. V| = 10 V, lo = 1 A 
(unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


MIN TYP MAX 


UNIT 


Output voltage 


l = 5 mA to 1 A 


25°C 


4.8 5 5.2 


V 


V| = 7 V to 20 V, lo - 5 mA to 1 A, 
PS 15W 


0°C to 125°C 


4.75 5.25 


Input regulation 


Iq = 500 mA 


V| = 7 V to 25 V 


25 °C 


3 50 


mV 


V| = 8 V to 20 V 


0°C to 125°C 


50 


l = 1 A 


V| = 7.3 V to 20 V 


25°C 


50 


V| = 8 V to 12 V 


0°C to 125°C 


25 


Ripple rejection 


V| = 8 V to 18 V, 
f = 120 Hz 


l s 1 A 


25°C 


62 80 




Iq £ 500 mA 


0°C to 125°C 


62 


Output regulation 


Iq = 250 mA to 750 mA 


25°C 


25 


mV 


Iq = 5 mA to 1.5 A 


10 50 


Iq a 5 mA to 1 A 


0°C to 125°C 


50 


Output noise voltage 


f = 10 Hz to 100 kHz 


25°C 


40 




Dropout voltage 


l = 1 A 


25°C 


2 


V 


Temperature coefficient 
of output voltage 


Iq = 5 mA 


0°C to 125°C 


- U.O 


mv7°C 


Output impedance 


f = 1 kHz 


25°C 


8 


mfl 


Bias current 


lOSlA 


25 °C 


8 


mA 


0°C to 125°C 


8.5 


Bias current change 


V| = 7.5 V to 20 V, l £ 1 A 


25 °C 


1 


mA 


V| = 7 V to 25 V, Iq s 500 mA 


0°C to 125°C 


1 


Iq = 5 mA to 1 A 




0.5 


Peak output current 




25°C 


2.4 


A 


Short-circuit current 




25°C 


2.1 


A 



T Atl characteristics are measured with a capacitor across the input of 0.22 ;iF and 8 capacitor across the output of 0. 1 /tF. Ail characteristics except noise 
voltage rejection ratio are measured using pulse techniques (t w s 10 ms, duty cycle s 5r#|. Output voltage changes due to changes in internal temperature 
must be taken into account separately. 
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SERIES LM340 

POSITIVE-VOLTAGE REGOLATORS 



LM340-12 electrical characteristics at specified virtual junction temperature, V| = 19 V, lo = 1 A 
(unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


MIN TVP MAY 
1 ill 111 1 Ir (VIMA 


UNIT 


Output voltage 


\q - S mA to 1 A 


25°C 




V 


V| = 14.5 V to 27 V, l = 5 mA to 1 A, 
P < 15 W 


0°C to 125°C 


11.4 12.6 


Input regulation 


Iq ~ 500 mA 


V| = 14.5 V to 30 V 


25°C 


4 1 20 




V[ = 15 V to 27 V 


0°C to 125°C 




l = 1 A 


V| = 14.6 V to 27 V 


25 °C 


120 


V 1 = 16 V to 22 V 


0°C to 125°C 


1 20 


Ripple rejection 


V| = 15 V to 25 V, 
f = 120 Hz 


to * 1 A 


25°C 


55 72 


dB 


Iq s 500 mA 


0°C to 125°C 


55 


Output regulation 


lO = 250 mA to 750 mA 


25 °C 


60 


mV 


Iq = 5 mA to 1 .5 A 


12 1 20 


Iq = 5 mA to 1 A 


0°C to 125°C 


120 


Output noise voltage 


f = 10 Hz to 100 kHz 


25°C 


75 




Dropout voltage 


Iq = 1 A 


25 °C 


2 




Temperature coefficient 
of output voltage 


Iq = 5 mA 


0°C to 125°C 


-1.5 


mW°C 


Output impedance 


f = 1 kHz 


25°C 


18 


mO 


Bias current 


lOSlA 


25°C 


8 


mA 


0°C to 125°C 


8.5 


Bias current change 


V| = 14.8 V to 27 V, Iq S 1 A 


25°C 


1 


mA 


V| = 14,5 V xo 30 V, Iq s 500 mA 


0°C to 125°C 


1 


Iq = 5 mA to 1 A 


0.5 


Peak output current 




25°C 


2.4 


A 


Short-circuit current 




25°C 


1.5 


A 



t All characteristics are measurod with a capacitor across the input of 0.22 >iF and a capacitor across the output of 0.1 /»F. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (t w s 10 ms, duty cycle £ 5<To). Output voltage changes due to changes in internal 
temperature must be taken into account separately. 
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SERIES LM340 
POSITIVE-VOLTAGE REGULATORS 



LM340-15 electrical characteristics at specified virtual junction temperature, V| = 23 V, lo = 1 A 
(unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 1 


MIN TYP MAX 


UNIT 


Output voltage 


Iq = 5 mA to 1 A 


25 °C 


14.4 15 15.6 


V 


V| « 17.5 V to 30 V, l = 5 mA to 1 A. 
P s 15 W 


0°C to 125°C 


14.25 15.75 


Input regulation 


\q = 500 mA 


V ( = 17.5 V to 30 V 


25 °C 


4 150 


mV 


V| = 18.5 V to 30 V 


0°C to 125°C 


150 


l = 1 A 


V| = 17.7 V to 30 V 


25 °C 


150 


V| = 20 V to 26 V 


°C to 1 25 °C 


75 


Ripple rejection 


V| = 18.5 V to 28.5 V, 
f = 120 Hz 


lO * 1 A 


25 °C 


54 70 


dB 


Iq - 500 mA 


0°C to 125°C 


54 


Output regulation 


\q = 250 mA to 750 mA 


25°C 


75 


mV 


Iq 3 5 mA to 1 .5 A 


12 150 


Iq = 5 mA to 1 A 


0°C to 1 25 °C 


150 


Output noise voltage 


f = 10 Hz to 100 kHz 


25 °C 


90 




Dropout voltage 


l = 1 A 


25 °C 


2 


V 


Temperature coefficient 
of output voltage 


Iq = 5 mA 


0°C to 125°C 


- 1 .8 


mV/°C 


Output impedance 


f = 1 kHz 


25 °C 


19 


mfl 


Bias current 


l * 1 A 


25 °C 


8 


mA 


0°C to 125°C 


8.5 


Bias current change 


V| « 17.9 V to 30 V, l £ 1 A 


25 °C 


1 


mA 


V| = 17.5 V to 30 V. lo £ 500 mA 


0°C to 125°C 


1 


Iq = 5 mA to 1 A 


0.5 


Peak output current 




25 °C 


2.4 


A 


Short-circuit current 




25°C 


1.2 


A 



t All characteristics are measured with a capacitor across the input of 0.22 ftf and a capacitor across the output of 0.1 pF. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques lt w < 10 ms, duty cycle £ 5°T«|. Outpui voltage changes due to changes in internal 
temperature must be taken into account separately. 
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SERIES LM340 

POSITIVE VOLTAGE REGULATORS 



TYPICAL CHARACTERISTICS 

NORMALIZED OUTPUT VOLTAGE 
vs 

VIRTUAL JUNCTION TEMPERATURE 
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SERIES LM340 
POSITIVE-VOLTAGE REGULATORS 



TYPICAL CHARACTERISTICS 



LM340-5 
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vs 
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SERIES LM340 

POSITIVE-VOLTAGE REGULATORS 



TYPICAL APPLICATION DATA 
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FIGURE 11— ADJUSTABLE SUPPLY WITH STABLE 
OUTPUT FROM 8 VOLTS TO 35 VOLTS 




-av 



The boost circuit takes over at 
a level determined by Rb- 
0.6 V 
S 'B 



where lg is the LM34Q operating 
level. 

Maximum current limit is 
determined by Rql* 
0.6 V 
~'CL~ 



*CL 



Example: If Iq is selected to be 
0.5 A. then 
R B " 1.2 11. 
If IfjL is 3 A, then 
Rcl ■ 0.2 



FIGURE 12-OUTPUT CURRENT BOOST CIRCUIT 
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LINEAR 

INTEGRATED CIRCUITS 



TYPE LM35D 
3-AMP ADJUSTABLE REGULATUR 

D2716, MARCH 1983 



KA PACKAGE 





(TQP VIEWl 


INFHJT-^ 


y^GtiO (CASE) 




f J O) 


OUTPUT- 






TO 3 





KC PACKAGE 



(TOP VIEW) 



o 



t INPUT 

» OUTPUT 

; ADJUSTMENT 



» Adjustable Output ... 1.2 V to 33 V 

» 3-A Output Current Capability 

► Line Regulation . . . 0.005 %/V Typ 

► Load Regulation . . . 0.1% Typ 

• Current Limit Constant with Temperature 

• Guaranteed Thermal Regulation 

• Direct Replacement for National 
Semiconductor LM350 

description 

The LM350 is an adjustable 3-terminal positive- 
voltage regulator capable of supplying 3 amperes over 
an output voltage range of 1 .2 volts to 33 volts. The 
device is easy to use and requires only two external 
resistors to set the output voltage. Both input and 
output regulation are better than standard fixed 
regulators. 

In addition to higher performance than fixed 
regulators, the LM350 offers full overload protection 
available only in integrated circuits. Included on the 
chip are current limit, thermal overload protection, and 
safe-area protection. All overload protection circuitry 
remains fully functional even if the adjustment terminal 
is disconnected. Normally, no capacitors are needed 
unless the device is situated far from the input filter 
capacitors in which case an input bypass is needed. 
An optional output capacitor can be added to improve 
transient response. The adjustment terminal can be 
bypassed to achieve very high ripple rejection, which 
is difficult to achieve with standard 3-terminal 
regulators. 

Besides replacing fixed regulators, the LM350 is useful in a wide variety of other applications. Even though the regulator 
is floating and sees only the input-to-output differential voltage, use of these devices to regulate voltages that would 
cause the maximum-rated differential voltage to be exceeded if the output became shorted to ground is not 
recommended. The TL783 or TL783A is recommended for output voltages exceeding 33 volts. The primary application 
of the LM350 is that of a programmable output regulator, but by connecting a fixed resistor between the adjustment 
terminal and the output terminal, this device can be used as a precision current regulator. Supplies with electronic 
shutdown can be achieved by clamping the adjustment terminal to ground, which programs the output to 1.2 volts 
where most loads draw little current. 



THE OUTPUT TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 
TO-220AB 




The LM350 is characterized for operation from 0°C to 125°C. 
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TYPE LM350 

3-AMP ADJUSTABLE REGULATOR 



absolute maximum ratings over operating temperature range (unless otherwise noted) 

Input-to-output voltage differential 35 V 

Continuous total power dissipation at 25 °C free-air temperature (see Note 1): KA package 3.5 W 

KC package 2 W 

Continuous total power dissipation at (or below) 25 °C case temperature (see Note 1) 30 W 

Operating free-air, case, or virtual junction temperature range -55°C to 150°C 

Storage temperature range - 65 °C to 1 50 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 260C 



NOTE 1: For operation above 25 °C free-air temperature, refer to Figures 1 through 4. To avoid excoeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal resistance, the built-in Thermal overload 
protection may be activated at power levels slightly above or below the rated dissipation. 



recommended operating conditions 





MIN 


MAX 


UNIT 


Output current, Irj 


3 


A 


Operating virtual junction temperature. Tj 





125 


°C 


electrical characteristics over recommended ranges of operating virtual junction temperature. 






V| - Vq ~ 5 V, \q =a 1.5 A (unless otherwise noted) 










PARAMETER 


TEST CONDITIONS 


MIN TYP 


MAX 


UN|T 


Input regulation 


V| - V = 3 V to 35 V 


Tj « 25 °C 


0.005 


0.03 


%/v 


(see Note 21 


See Note 3 


Tj = 0°C to 125°C 


0.02 


0.07 




V = 10 V, 


f = 120 Hz 


65 




Ripple rejection 


V = 10 V. 


f = 120 Hz, 


66 


dB 




10-pF capacitor between ADJ and ground 




'° = 10 mA to 3 A. 


V s5V 


5 


25 


mV 


Output regulation 


Tj = 25 °C, See Note 3 


Vq > 5 V 


0.1 


0.5 


% 


Iq = 10 mA to 3 A, 


V < 5 V 


20 


70 


mV 




See Note 3 


Vq > 5 V 


0.3 


1.5 


% 


Output voltage change 
with temperature 


Tj = 0°C to 125°C 


1 


% 


Thermal regulation 


t w = 20 ms 


0.002 


0.03 


%/W 


Output voltage long-term 
drift (see Note 4) 


After 1000 h at Tj = 125°C 


0.3 1 


% 


Output noise voltage 


f = 10 Hz to 10 kHz, 


Tj = 25°C 


0.003 


% 


Minimum output current 
to maintain regulation 


V| - V - 35 V 


3.5 


10 


mA 


Peak output current 


V| - Vq £ 10 V 


3 4.5 


A 


V| - V - 30 V, 


Tj = 25°C 


0.25 1 




Adjustment-terminal current 




50 


100 




Change in adjustment- 
terminal current 


V) - V = 3 V to 35 V, 
Iq =* 10 mA to 3 A 


0.2 


5 


/iA 


Reference voltage 
(output to ADJ) 


V| - V = 3 V to 35 V, 
|q = 10 mA to 3 A, 


P 5 30 W 


1.2 1.25 


1.3 


V 



NOTES: 2. Input regulation is expressed as the percentage change in output voltage per 1-volt change at ihe input. 

3. Input regulation and output regulation are measured using pulse techniques |t w £ 1 ^s. duty cycle s 5%) to limit changes in average internal 
dissipation. Output voltage changes due to large changes In internal dissipation must be taken into account separately. 

4. Since long-term drift cannot be measured cn the individual devices prior to shipment, this specification is not intended to be a guarantee or warranty. 
It is an engineering estimate of the average drift to be expected from lot to lot. 
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TYPE LM35D 
3-AMP ADJUSTABLE REGULATOR 



THERMAL INFORMATION 



KA PACKAGE 
FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



4<0 
3.5 
3.0 
23 
2.0 
1.5 
1,0 
0.5 




Do rat 


ing Facto 
« 625 D C 


r = 16 mW 


tf*C 
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FIGURE 1 



150 



KA PACKAGE 
CASE TEMPERATURE 
DISSIPATION DERATING CURVE 



40 
35 
30 
25 
20 
15 
10 
5 




1 

Derating factor 


■ 0.5 W/°C 




— above 90° C 
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FIGURE 2 
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CASE TEMPERATURE 
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Derating Factor ■ 0.25 W/ 
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TYPE LM350 

3-AMP ADJUSTABLE REGULATOR 



OUTPUT VOLTAGE DEVIATION 
vs 

VIRTUAL JUNCTION TEMPERATURE 



TYPICAL CHARACTERISTICS 

OUTPUT CURRENT 
vs 

INPUT-OUTPUT DIFFERENTIAL VOLTAGE 



0.2 


-0.2 
-0.4 
-D.6 
-G.8 
-1 



Vi 
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v c 


, ... 
= 15 
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Tj— Virtual Junction Temperature— C 
FIGURE 5 
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Tj = 150°C 
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V| — Vrj— Input-output Differential Voltage— V 
FIGURE 6 



ADJUSTMENT CURRENT 
vs 

VIRTUAL JUNCTION TEMPERATURE 
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FIGURE 7 



REFERENCE VOLTAGE 

vs 

VIRTUAL JUNCTION TEMPERATURE 
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TYPE LM350 
3 AMP ADJUSTABLE REGULATOR 



TYPICAL APPLICATION DATA 



Vj- 



IN OUT 

ADJ 



C1 

0-1 ■ 

I see Note 5} 



R2 



02 

: 1 *f 

jstiu Nolo 6|i 



NOTES: 5. Capacitor CI is required if regulator is not located in close proximity 10 the power supply amplifier. 
6. Capacitor C2 may be used to improve transient response. 
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LINEAR 

INTEGRATED 

CIRCUITS 



TYPES LM2930-5, LM2930-8 
3-TERMINAL POSITIVE REGULATORS 



D2733, APRIL 1983 



KC PACKAGE 



(TOP VIEW) 



THE COMMON TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 
TO-220AB 



• Input-Output Differential Less than 0.6 V 

• Output Current of 150 mA 

• Reverse Battery Protection 

• Line Transient Protection 

• 40-Volt Load-Dump Protection 

• Internal Short-Circuit Current Limiting 

• Internal Thermal Overload Protection 

• Mirror-Image Insertion Protection 

• Direct Replacement for National LM2930 
Series 

description 

The LM2930-5 and LM2930-8 are 3-terminal positive regulators that provide fixed 5-volt and 8-volt regulated outputs. 
Each features the ability to source 150 milliamperes of output current with an input-output differential of 0.6 volt 
or less. Familiar regulator features such as current limit and thermal overload protection are also provided. 

The LM2930 series has low voltage dropout making it useful for certain battery applications. For example, the low 
voltage dropout feature allows a longer battery discharge before the output falls out of regulation; the battery supplying 
the regulator input voltage may discharge to 5.6 volts and still properly regulate the system and load voltage. Supporting 
this feature, the LM2930 series protects both itself and the regulated system from reverse battery installation or two- 
battery jumps. 

Other protection features include line transient protection for load-dump of up to 40 volts. In this case the regulator I 
shuts down to avoid damaging internal and external circuits. The LM2930 series regulator cannot be harmed by 
temporary mirror-image insertion. 

schematic diagram 

INPUT 




5 



LZ7 



MM 



140 Ifct} 



All component, values are nominal. 
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TYPES LM2930-5, LM2930-8 

3 TERMINAL POSITIVE REGULATORS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



Continuous input voltage 26 V 

Transient input voltage: t = Is 40 V 

Continuous reverse input voltage -6 V 

Transient reverse input voltage: t = 100 ms -12V 

Continuous total dissipation at 25 ° C free-air temperature (see Note 1 ) 2 W 

Continuous total dissipation at (or below) 25 °C case- temperature (see Note 1 1 20 W 

Operating free-air, case, or virtual junction temperature -40°C to 150°C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case to 10 seconds 260°C 



NOTE 1 : For operation above 25*C freeaw or case temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual junction temperalure. 

these ratings should not be exceeded. Due to variation in individual device elecrical characteristics and thermal resistance, the bult-in thermal overload 
protection may be activated at power levels slightly above or below the rated dissipation. 



FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



CASE TEMPERATURE 
DISSIPATION DERATING CURVE 



2000 
1800 
1600 
1400 
1200 
1000 
800 
600 
400 
200 






Derating factor = 16 mW/°C 
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(tfJA^e; 


2.5 C/W 
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recommended operating conditions 





MIN 


MAX 


UNIT 


'O 


Output current 


150 


mA 


Tj 


Operating virtual junction temperature 


-40 


125 


°C 
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TYPES LM2930-5, LM2930-8 
3TERMINAL POSITIVE REGULATORS 



LM2930-5 electrical characteristics at 25 °C virtual junction temperature, V| = 14 V, lo = 150 mA, 
(unless otherwise noted) 



D A D A MCTCD 

rAHAMt I fcn 


TEST CONDITIONS* 


MIN 


TYP 


MAX 


UNIT 


Output voltage 


V| = 6 V to 26 V, 

Tj = -40°C to 125°C 


Iq = 5 mA to 150 mA. 


4.5 


5 


5.5 


V 


Input regulation 


Iq ~ 5 mA 


V| = 9 V to 16 V 




7 


25 


mV 


V| = 6 V to 26 V 




30 


80 


Ripple rejection 


f = 1 20 Hz 


56 


dB 


Output regulation 


lO = 5 mA to 1 50 mA 




14 


50 


mV 


Output voltage long-term drift* 


After 1000 h at Tj - 125°C 


20 


mV 


Dropout voltage 


l = 150 mA 




0.32 


0.6 


V 


Output noise voltage 


f = 10 Hz to 100 kHz 


60 


*v 


Output voltage during 
line transients 


Vj = - 12 V to 40 V, 


R|_ = 100 a 


-0.3 




5.5 


V 


Output impedance 


l = 100 mA, l = 10 mA Urns), f = 100 Hz to 10 kHz 


200 


mil 


Bias current 


Iq = 10 mA 




4 


7 


mA 


Iq = 150 mA 




18 


40 


Peak output current 




150 


300 


700 


mA 



LM2930-8 electrical characteristics at 25 °C virtual junction temperature, V| = 14 V, lo = 150 mA, 
(unless otherwise noted) 



PARAMETER 


TEST CONDITIONS T 


MIN 


TYP 


MAX 


UNIT 


Output voltage 


V| = 9.4 V to 26 V, 
Tj = -40°C to 125°C 


Iq = 5 mA to 150 mA, 


7.2 


8 


8.8 


V 


Input regulation 


Iq = 5 mA 


V, = 9.4 V to 16 V 




12 


50 


V 


V| = 9.4 V to 26 V 




50 


100 


Ripple rejection 


f = 120 Hz 


52 


dB 


Output regulation 


Iq - 5 mA to 150 mA 




25 


50 


mV 


Output voltage long-term drift 1 


After 1000 h at Tj - 125°C 


30 


mV 


Dropout voltage 


lO = 150 mA 




0.32 


0.6 


V 


Output noise voltage 


f = 10 Hz to 100 kHz 


90 


*v 


Output voltage during 
line transients 


V| = - 12 V to 40 V, 


R L = 100 U 


-0.3 




8.8 


V 


Output impedance 


Iq = 100 mA, l Q = 10 mA (rms>, f = 100 Hz to 10 kHz 


300 


mil 


Bias current 


Iq = 10 mA 




4 


7 




Iq = 1 50 mA 




18 


40 


Peak output current 




150 


300 


700 


mA 



Unless otherwise specified, all characteristics, except ripple rejection and noise voltage measurements, are measured using pulse techniques lt w s 1 ms. 
duty cycle < 5%] with a capacitor of 0. 1 nF across the input and a capacitor of 10 across the output. Output voltage changes due to changes in internal 
temperature must be taken into account separately. 

Since long-term drift cannot bo measured on the individual devices prior to shipment, this specification is not intended to be a guarantee or warranty. It 
is an engineering estimate of the average drift to be expected from lot to lot. 
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TYPES LM2930-5, LM2930-8 
3-TERMINAL POSITIVE REGULATORS 



NORMALIZED OUTPUT VOLTAGE 
vs 

VIRTUAL JUNCTION TEMPERATURE 



TYPICAL CHARACTERISTICS 

LM29305 
OUTPUT VOLTAGE 
vi 

INPUT VOLTAGE 
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LM2930-5 
OUTPUT VOLTAGE 
vs 

INPUT VOLTAGE 
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TYPES LM2930-5, LM2930-8 
3 TERMINAL POSITIVE REGULATORS 



TYPICAL CHARACTERISTICS 



INPUT CURRENT 
vs 

INPUT VOLTAGE 
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FIGURE 11 
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BIAS CURRENT 
vs 

VIRTUAL JUNCTION TEMPERATURE 
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FIGURE 15 
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TYPES LM2930-5, LM2930-8 
3-TERMINAL POSITIVE REGULATORS 



TYPICAL APPLICATIOIM DATA 



LM2930 



V| — 

CI =0.1 iif 

(See Note A) 



INPUT 



OUTPUT 



COMMON 



V 

. C2 - 10^F 
' (See Note B) 



NOTEE A. Use of CI is required if the regulator is not located In close proximity to the supply filter. 

B. Capacitor C2 must be located as close as possible to the regulator and may be an aluminum or tantalum type capacitor. The minimum value 
required for stability is 10 ftf. The capacitor must be rated for operation at -40°C to guarantee stability to that extreme. 



FIGURE 19 
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LINEAR 
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CIRCUITS 



TYPE MC3423 
OVERVOLTAGE-SENSING CIRCUIT 

D2439, APRIL 1978-HEVISED JANUARY 1983 



Separate Outputs for "Crowbar" and Logic 
Circuitry 

Programmable Time Delay to Eliminate 
Noise Triggering 

TTL-Level Activation Isolated from Voltage- 
Sensing Inputs 

2.6-Volt Internal Voltage Reference with 
Temperature Coefficient Typically 
0.08%/°C 



description 



MC3423 JG OR P 

DUAL IN-LINE PACKAGE 
(TOP VIEW) 



INDICATOR 

OUT- REMOTE 
OUTPUT VEE PUT ACTIVATE 



V CC SENSE SENSE CURRENT 
1 2 SOURCE 



The MC3423 overvoltage-sensing circuit is designed to protect sensitive electronic circuitry by monitoring the supply 
rail and triggering an external "crowbar" SCR in the event of a voltage transient or loss of regulation. The protective 
mechanism may be activated by an overvoltage condition at the Sense 2 input or by application of a TTL high level 
to the Remote Activate terminal. Separate outputs are available to trigger the crowbar circuit and to provide a logic 
pulse to indicator or power supply control circuitry. The Sense 2 input provides a direct control of the output circuitry. 
The Sense 1 input controls an internal current source that may be utilized to implement a delayed trigger by connecting 
its output to an external capacitor and the Sense 2 input. This protects against false triggering due to noise at the 
Sense 1 input. 

The MC3423 is characterized for operation from 0°C to 70 °C. 



functional block diagram 
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TYPE MC3423 

OVERVOLTAGE SENSING CIRCUIT 



absolute maximum ratings 

Supply voltage, V*cc (see Note 1) 40 V 

Sense 1 voltage 6.5 V 

Sense 2 voltage 6.5 V 

Remote activate input voltage 7 V 

Output current, lo 300 mA 

Continuous dissipation at (or below) 25 °C free-air temperature (see Note 2): JG package 825 mW 

P package 1000 mW 

Operating free-air temperature range 0°C to 70°C 

Storage temperature range -65°C to 150°C 



NOTES: 1. Voltage values are measured with respect to the Vgg terminal. 

2. For operating above 25°C free-aii temperature, refer to the Dissipation Derating Table. In the JG package, MC3423 chips are glass-mounted. 



DISSIPATION DERATING TABLE 



PACKAGE 


POWER 
RATING 


DERATING 
FACTOR 


ABOVE 
T A 


JG (Glass-Mounted Chip) 
P 


825 mW 
1000 mW 


6.6 mW/°C 
8 mW/°C 


25°C 
25 °C 



recommended operating conditions 

| MIN 

Supply voltage, Vqq 4.5 

High-level input voltage, remote activate input 2 

Low-level input voltage, remote activate input 



MAX 

40 



0.5 



UNIT 

V 
V 
V 



electrical characteristics over operating free-air temperature range, Vqc = B V to 36 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


Output voltage 


Remote Activate at 2 V, 
\q = 100 mA 


Vcc-2.2 


Vcc-1-8 




V 


Indicator low-level output voltage 


Remote Activate at 2 V, 
\q = 1.6 mA 




0.1 


0.4 


V 


Threshold voltage of either sense input 


T A = 25°C 


2.45 


2.6 


2.75 


V 


Temperature coefficient of input threshold voltage 




0.06 


%/°C 


Source current (pin 4) 


Sense 1 at 3 V, Pin 4 at 1.3 V 


0.1 


0.22 


0.3 


mA 


High-level input current, Remote Activate input 


V"cc "5 V, V| = 2 V 




5 


40 


„A 


Low-level input current, Remote Activate input 


Tec = 5 V, V| = 0.8 V 




- 120 


-180 


*A 


Supply current 


Outputs open 




6 


10 


mA 


Propagation delay time, Remote Activate input to Output 


T A = 25 °C 


0.5 




Output current rate of rise 


T A = 25 °C 


400 


mA/fis 
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LINEAR 

INTEGRATED 

CIRCUITS 



TYPES MC350E0, MC340E0 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 

D2726. MARCH 1983 



• Complete PWM Power Control Circuitry 

• Uncommitted Output for 200-mA Sink or 
Source Current 

Variable Dead-Time Provides Control Over 
Total Range 

• Internal Regulator Provides a Stable 5-V 
Reference Supply 

• Circuit Architecture Provides Easy 
Synchronization 

• Direct Replacements for Motorola MC35060 
and MC34060 



J OR N 
DUAL-IN-LINE PACKAGE 
(TOP VIEW) 



error j noninv inputc 
amp 1 "\ inv inputc 
feedback^ 
dead-time control^ 

gndC 



1 


Uu 


2 


13 


3 


12 


4 


11 


5 


10 


6 


g 


7 


8 



D NONINV INPUT } ERROR 
]] INV INPUT / AMP 2 
3REFOUT 
UNC 

Ilvcc 
He 

:e 



NC-No intornol connoctions 



description 



The MC35060 and MC34060 incorporate on a single monolithic chip all the functions required in the construction 
of a pulse-width-modulation control circuit. Designed primarily for power supply control, each of the devices contains 
an on-chip 5-volt regulator, two error amplifiers, an adjustable oscillator, and a dead-time control comparator. The 
uncommitted output transistor provides either common-emitter or emitter-follower output capability. The internal 
amplifiers exhibit a common-mode voltage range from -0.3 volt to Vqc ~ 2 volts. The dead-time control comparator 
has a fixed offset that provides approximately 5% dead time unless externally altered. The on-chip oscillator may 
be bypassed by terminating Rj (pin 6) to the reference output and providing a sawtooth input to Cj (pin 5), or it 
may be used to drive the common MC35060 or MC34060 circuitry and provide a sawtooth input for associated control 
circuitry in multiple rail power supplies. 



The MC35060 is characterized for operation over the full military temperature range of ■ 
is characterized for operation from 0°C to 70°C. 



55 °C to 1 25 °C. The MC34060 



functional block diagram 




All voltage and curicnt values shown arc nominal. 



Copyright 1983 by Texas Instruments Incorporated 
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TYPES MC35060, MC340G0 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 



absolute maximum ratings over operation temperature range {unless otherwise noted) 





MC35060 


MC34060 


UNIT 


Supply voltage, Vqc ' see Note 1) 


42 


42 


V 


Amplifier input voltages 


Vcc + 0.3 


V CC + 0.3 


V 


Collector output voltage 


42 


42 


V 


Collector output current 


250 


250 


mA 


Continuous total dissipation at lor bciowj 25 °C free-air temperature (see Note 2) 


1000 


1000 


mW 


Operating free-air temperature range 


-55 to 125 


to 70 


°C 


Storage temperature range 


-65 to 150 


- 65 to 1 50 


°C 


Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 


300 


300 


°C 


Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 




260 


°C 



NOTES: t. All voltage valuos, except differential voltages, are with respect to the network ground terminal. 

2. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, MC35060 chips are alloy-mounted and 
MC34060 chips are glass-mounted. 



DISSIPATION DERATING TABLE 



PACKAGE 


POWER 
RATING 


DERATING 
FACTOR 


ABOVE 

Ta 


J (Alloy-Mounted Chip) 


1000 mW 


11.0 mW/°C 


59 °C 


J (Glass-Mounted Chip) 


1000 mW 


8.2 mW/°C 


28 °C 


N 


1 000 mW 


9.2 mW 


41 °C 



recommended operating conditions 





MC35060 


MC34060 


UNIT 


MIN MAX 


MIN MAX 


Supply voltage, Vcc 


7 40 


7 40 


V 


Amplifier input voltages, V| 


-0.3 Vcc-2 


-0.3 V CC -2 


V 


Collector output voltage, Vrj 


40 


40 


V 


Collector output current (each transistor) 


200 


200 


mA 


Reference output current 


10 


10 


mA 


Current into feedback terminal 


0.3 


0.3 


mA 


Timing capacitor, Cj 


0.47 10 000 


0.47 10 000 


nF 


Timing resistor, Rt 


1.8 500 


1 .8 500 


kfl 


Oscillator frequency 


1 200 


1 200 


kHz 


Operating free-air temperature, T/\ 


-55 125 


70 


C C 
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TYPES MC35060, MC34060 
PULSE WIDTH-MODULATION CONTROL CIRCUITS 



electrical characteristics over recommended operating free-air temperature range, Vcc = 15 V, f = 10 kHz 
(unless otherwise noted) 
reference section 



PARAMETER 


TEST CONDITIONS* 


MC3S060 


MC34060 


UNIT 


MIN TYP* MAX 


MEN TYP* MAX 


Output voltage (V re f) 


lO = 1 mA 


4.75 5 5,25 


4.75 5 S.25 


V 


Input regulation 


V C c = 7 V to 40 V, T A = 25°C 


2 25 


2 25 


mV 


Output regulation 


l|0 = 1 to 10 mA, Ta = 25°C 


1 15 


1 15 


mV 


Output voltage change 
with temperature 


AT A = MIN to MAX 


0.2 2 


0.2 2.6 


% 


Short-circuit output current $ 


Vref - 


10 35 50 


35 


mA 


oscillator section 


PARAMETER 


TEST CONDITIONS* 


MC35060 


MC34080 


UNIT 


MIN TYP* MAX 


MIN TYP* MAX 


Frequency 


C T = 0.001 ftF. R T = 47 kO 


25 


25 


kHz 


Standard deviation of frequency! 


Cj » 0.001 (iF, Ry o 47 kfl 


3 


3 


% 


Frequency change with voltage 


Vcc = 7 V to 40 V, T A = 25°C 


0.1 


0.1 


% 


Frequency change with 
temperature 


Cy = 0.001 tiF. Ry = 47 kO. 
AT A = MIN to MAX 


4 


2 


% 



dead-time control-section (see figure 1 } 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP* 


MAX 


UNIT 


Input bias current (pin 4) 


V| « to 5.26 V 




-2 


-10 




Maximum duty cycle 


v l (pin 4) * 


Cy * 0-1 fiF, Rt = 12 kO 


SO 


96 


100 


% 


Cy = 0.1 ftF, Ry = 47 kO 




92 


100 


Input threshold voltage (pin 4) 


Zero duty cycle 




3 


3.3 


V 


Maximum duty cycle 






error-amplifier sections 



PARAMETER 


TEST CONDITIONS 


MIN TYP* MAX 


UNIT 


Input offset voltage 


Vo (pin 3) = 2-5 V 


2 10 


mV 


Input offset current 


V (pin 3) - 2.5 V 


25 250 


nA 


Input bias current 


V (pin 3) = 2.5 V 


0.2 1 


*A 


Common-mode input voltage range 


Vcc = 7 V to 40 V 


-0.3 
to 

V CC "2 


V 


Open-loop voltage amplification 


AV » 3 V, Rl = 2 kQ, Vo = 0.5 V to 3.5 V 


70 95 


dB 


Unit-gain bandwidth 




800 


kHz 


Common-mode rejection ratio 


Vcc -40V 


65 80 


dB 


Output sink current (pin 3) 


V|[> » - 15 mV to -5 V, V< p j n 3) = 0.5 V 


0.3 0.7 


mA 


Output source current (pin 3) 


V| D = 15 mV to 5 V, V (p f n 3) = 3.5 V 


-2 


mA 



output section 



PARAMETER 


TEST CONDITIONS 


MC3S060 


MC34060 


UNIT 


MIN TYP* MAX 


MIN TYP* MAX 


Collector off*state current 


Vce = 40 V, Vcc = 40 V 


2 100 


2 100 


mA 


Emitter off-state current 


Vcc ° Vc - 40 V, V E - 


-150 


-100 


fA 


Collector-emitter 
saturation voltage 


Common-emitter 


Vg =0, l C = 200 mA 


1.1 1.5 


1.1 1.3 


V 


Emitter follower 


V C = 15 V. I E = -200 mA 


1.5 2.5 


1.5 2.5 



For conditions shown as MIN or MAX, use tho appropriate value apociftod under recommended operation conditions. 



*AII typical values oxcept (or temperature coefficients are at T A - 25*C. it* 
'Duration of tho short-circuit should not exceed one second. / £ % l " n ~ * 

1 Standard deviation is a measure of tho statistical distribution about tho mean as derived from tho formula ° V n - i 
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TYPES MC35060, MC34060 

PULSE WIDTH MODULATION CONTROL CIRCUITS 



electrical characteristics over recommended operating free-air temperature range, Vqc - 15 V, f = 10 kHz 
(unless otherwise noted) 

pwm comparator section (see figure 1 ) 



PARAMETER 


TEST CONDITIONS 


MIN TYP* MAX 


UNIT 


Input threshold voltage (pin 31 


Zero duty cycle 


4 4.6 


V 


Input sink current (pin 3) 


V(pin 3) = 0.7 V 


0.3 0.7 


mA 


total device 


PARAMETER 


TEST CONDITIONS 


MIN TYP* MAX 


UNIT 


Standby supply current 


Pin 6 at V ra f f 

All other inputs and outputs open 


V C c = 15 V 


6 10 


mA 


V C C = 40 V 


9 15 


Average supply current 


V(pj n 4| - 2 V, See Figure 1 


7.6 


mA 


switching characteristics, Ta = 25 °C 


PARAMETER 


TEST CONDITIONS 


MIN TYP* MAX 


UNIT 


Output voltage rise time 


Common-emitter configuration, 
See Figure 3 


100 200 


ns 


Output voltage fell time 


25 100 


ns 


Output voltage rise time 


Emitter-follower configuration. 
See Figure 4 


100 200 


ns 


Output voltage fall time 


40 100 


ns 



tAEl typical values except for temperature coefficients ere at T A = 25 *C. 



PARAMETER MEASUREMENT INFORMATION 




DEAD-TIME CONTROL ^ , 



EMITTER 
OUTPUT 



i i t i i i i i i 

Hrh LnjuU 



TEST CIRCUIT 



TIMING WAVEFORMS 



FIGURE 1 - DEAD-TIME AND FEEDBACK CONTROL 
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TYPES MC35060, MC34060 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 



PARAMETER MEASUREMENT INFORMATION 



V ref O 



ERROR AMPLIFIER 
UNDER TEST 




FEEDBACK 



FIGURE 2 - ERROR-AMPLIFIER CHARACTERISTICS 



f 1 

(OUTPUT CIRCUIT) | 



K 



15 V 

o 



68 n, 

2W 



I 7tZ 



-O OUTPUT 



C L = ISpF 
(includes probe and 
jig capacitance) 





TEST CIRCUIT 



OUTPUT VOLTAGE WAVEFORM 



FIGURE 3 - COMMON-EMITTER CONFIGURATION 
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TYPES MC35060, MC34060 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 



PARAMETER MEASUREMENT INFORMATION 



(OUTPUT CIRCUIT) 




J 4- 



C L - 15 pF 

(includes probe and 
jig capacitance) 



15 V 

o 




O OUTPUT 




90% 




TEST CIRCUIT 



OUTPUT VOLTAGE WAVEFORM 



FIGURE 4 - EMITTER-FOLLOWER CONFIGURATION 



TYPICAL CHARACTERISTICS 



OSCILLATOR FREQUENCY 2nd 
FREQUENCY VARIATION* vs 
TIMING RESISTANCE 




Ik 4 k 10 k 40 k 100 k 

Rt -Timing Resistance-^ 



400 k 1M 



100 
SO 
80 
70 
60 
50 
40 
30 
20 
10 




AMPLIFIER VOLTAGE AMPLIFICATION 

vs 

FREQUENCY 











vcc* 


•15V . 
= 3 V 
25°C ■ 










AV 










-T A = 























































































1 



10 



100 Ik 10k 100k 
f-Frequency-Hz 



1M 



FIGURES 

* Frequency variation (if) is the change In oscillator froquencv that occurs over the full temperature range. 



FIGURE 6 
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LINEAR 

INTEGRATED CIRCUITS 



SERIES MC79L00 
NEGATIVE-VOLTAGE REGULATORS 

D2656, OCTOBER 1982 



3-Terminal Regulators 

Output Current up to 100 mA 

No External Components Required 

Internal Thermal Overload Protection 

Internal Short Circuit Current Limiting 

Direct Replacement for Motorola 
MC79L00 Series 

Available in 5% or 10% Selections 



NOMINAL 
OUTPUT 
VOLTAGE 


5% 

OUTPUT VOLTAGE 
TOLERANCE 


10% 

OUTPUT VOLTAGE 
TOLERANCE 


-5 V 


MC79L05AC 


MC79L05C 


-12 V 


MC79L12AC 


MC79L12C 


-15 V 


MC79L15AC 


MC79L15C 



description 



LP SILECT PACKAGE 



This series of fixed-voltage monolithic integrated- 
circuit voltage regulators is designed for a wide range 
of applications. These include on-card regulation for 
elimination of noise and distribution problems 
associated with single-point regulation. In addition, 
they can be used to control series pass elements to 
make high-current voltage-regulator circuits. One of 
these regulators can deliver up to 100 mA of output 
current. The internal current-limiting and thermal- 
shutdown features make them essentially immune to 
overload. When used as a replacement for a Zener- 
diode and resistor combination, these devices can 
provide an effective improvement in output impedance 
of two orders of magnitude and lower bias current. 



no? 


VIEW! 




f n 
/ * 4 


OUTPUT 




l ^ 


INPUT 






V d 


COMMON 


! 








CIO 


TO 226 A A 





schematic 




■ognd 



o i r , p u t 



^Trademark of Texas Instruments Incorporated. 
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SERIES MC79L00 
NEGATIVE-VOLTAGE REGULATORS 



absolute maximum ratings over operating temperature range (unless otherwise noted) 





MC79L05 


MC79L12 
MC79L15 


UNIT 


Input voltage 


-30 


-35 


V 


Continuous total dissipation at 25 C free-air temperature (see Note 1 ) 


775 


775 


mW 


Continuous total dissipation at (or below) 25" C case temperature (see Note 1 ) 


1600 


1600 


mW 


Operating free-air, case, or virtual junction temperature range 


to 1 50 


Oto 150 


°C 


Storage temperature range 


-65 to 150 


-65 to 1 50 


°C 


Lead temperature 1 /16 inch (1 ,6 mm) from cose for 10 seconds 


260 


260 


°C 



NOTE 1 : For operation above 25 C fraa air tamparaturo. refor to Dissipation Derating Cucvot, Figure 1 and Figure 2. 



FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



CASE TEMPERATURE 
DISSIPATION DERATING CURVE 





1000 




900 


E 




1 


800 


c 




o 




ra 


700 


a 






600 


Q 


o 


500 


D 




c 


400 


c 




o 




o 


300 


£ 




E 


200 


y 




CO 


100 






































N 












\ 






















\ 






LP pad 


cage 


6.2 mW/ 

V 






Derating factor = 
_R0JA % 160°C/V 
See Note 2 

I 
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= 
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Derati 
— ab 
RflJC 


kage 

ng factor 
□ve 94°C 
*35°C/V\ 


= 28.6 m\ 


v/°c \ 




f 



























25 50 75 100 125 
Ta — Free-Air Temperature — °C 



150 



25 50 75 100 125 
Trj — Case Temperature — C 



150 



FIGURE 2 



NOTE 2: This curve lor tho LP package it bated on thermal resistance, Rgj/j,, measured in still air with the device mounted in an Augat socket. 
The bottom of the package was 3/8 Inch above the socket. 



recommended operating conditions 





MIN 


MAX 


UNIT 




MC79L05 


-7 


-20 




Input voltage, V| 


MC79L12 


-14.5 


-27 


V 




MC79L15 


-17.5 


-30 




Output current, Iq 


100 


m A 


Operating virtual junction temperature, Tj 





125 


°C 



2-60 



Texas Instruments 

INCORPORATED 
POST OFFICE BOX 225012 • DALLAS. TEXAS 7S265 



SERIES MC79L00 
NEGATIVE-VOLTAGE REGULATORS 



MC79L05 electrical characteristics at specified virtual junction temperature, 
V| = -10 V, Iq " 40 mA (unless otherwise noted) 



r rtnnlVIC 1 cn 


TEST CONDITIONS* 


MC79L05C 


MC79L05AC 


UN IT 


M1N TYP MAX 


MIN TYP MAX 


Output voltage 




25° C 


-4.6 -5 -5.4 


-4.8 -5 -5.2 




V| - -7 V to -20 V, 
Iq a 1 rnA to 40 mA 


0°C to 1 25° C 


—4.5 —5.5 


—4.75 —5.25 


v 


V| =■ -10 V, 

Iq = t mA to 70 m A 


0°C to 125°C 


-4.5 —5.5 


-4.75 -5.25 


Input regulation 


V| - -7 V to -20 V 


25° C 


200 


150 


mV 


V| = -8 V to -20 V 


150 


100 


Ripple rejection 


V| - -8 V to -18 V, 
f - 120 Hz 


25° C 


40 49 


41 49 


dB 


Output regulation 


Iq " 1 mA to 100 mA 


25° C 


60 


60 


mV 


Iq * 1 mA to 40 mA 


30 


30 


Output noise voltage 


f - 10 H* to 100 kHz 


25° C 


40 


40 




Dropout voltage 


Iq ■= 40 mA 


25° C 


1.7 


1.7 


V 


Bias current 




25° C 


6 


6 


mA 


125 a C 


5.5 


5.5 


Bias current change 


V|»-8V to -20 V 


0'C to 125°C 


1.5 


1.5 


mA 


Iq - 1 mA to 40 mA 


0.2 


0.1 



MC79L12 electrical characteristics at specified virtual junction temperature, 
V| = -19, Iq = 40 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


MC79L12C 


MC79L12AC 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


Output voltage 




25" C 


-11.1 -12 -12.9 


-1 1.5 -12 -12.5 


V 


V| = -14.5 to -27 V, 
Iq = 1 mA to 40 mA 


0*C to 125°C 


-10.8 -13.2 


-11.4 -12.6 


V| " -19 V, 

Iq H 1 mA to 70 mA 


0°C to 125°C 


-10.8 -13.2 


-11.4 -12.6 


Input regulation 


V, " -14.5 to -27 V 


25° C 


250 


250 


mV 


V| = -16 V to -27 V 


200 


200 


Ripple rejection 


Vj»-15Vto -25 V. 
f = 120 Hz 


25° C 


36 42 


37 42 


dB 


Output regulation 


Iq « 1 mA to 100 mA 


25 s C 


100 


100 


mV 


Iq ■ 1 mA to 40 mA 


50 


50 


Output noise voltage 


f = 10 Hz to 100 kHz 


25° C 


80 


80 




Dropout voltage 


Iq - 40 mA 


25* C 


1.7 


1.7 


V 


Bias current 




25° C 


6.5 


6.5 


mA 


125 C C 


6 


6 


Bias current change 


Vj = -16 V to -27 V 


'C to 125°C 


1.5 


1.5 


mA 


Iq ■» 1 mA to 40 mA 


0.2 


0.1 



All characteristics are measured with a 0.33 capacitor across the Input and a 0.1 F capacitor across iho output. All characteristics except 
noise voltage and ripple rejection ratio arc mnasurod using pulse techniques (t w < 10 mi. duty cycle < 5%). Output woliage changes due to 
changes in internal temperature must ba taken into account separately. 
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SERIES MC79L00 
NEGATIVE-VOLTAGE REGULATORS 



MC79L15 electrical characteristics at specified virtual junction temperature, 
V| = -23 V, Iq = 40 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


MC79L15C 


MC79L15AC 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


Output voltage 




25° C 


-13,8 -15 -16.2 


-14.4 -15 -15.6 


V 


V| - -17.5 V to -30 V, 
Iq b 1 rnA to 40 mA 


0°Cto 125°C 


-13.5 -16.5 


-14.25 -15.75 


V| « -23 V, 

Iq " 1 mA to 70 mA 


0°Cto 125°C 


-13.5 -16.5 


-14.25 -15.75 


Input regulation 


V| = -17.5 V to -30 V 


25° C 


300 


300 


mV 


V|--20Vto -30 V 


250 


250 


Ripple rejection 


V| = -18.5 V to -28.5 V, 
f - 120 Hz 


25° C 


33 39 


34 39 


dB 


Output regulation 


Iq ° 1 mA to 100 mA 


25° C 


150 


150 


mV 


\q = 1 mA to 40 mA 


75 


75 


Output noise voltage 


f - 10 Hz to 100 kHz 


25° C 


90 


90 


*v 


Dropout voltage 


Iq ° 40 mA 


25° C 


1.7 


1.7 


V 


Bias current 




25" C 


6.5 


6.5 


mA 


125°C 


6 


6 


Bias current change 


V|--20Vto -30 V 


0°Cto 125°C 


1,5 


1.5 


mA 


Iq ° 1 mA to 40 mA 


0.2 


0.1 



1 All characteristic! aro measured with a 0.33 jiF capacitor across the Input and a 0. 1 u F capacitor across the output. All characteristics except 
noise voltage and ripple rejection ratio are measured using pulse techniques (t w < 10 mi, duty cycle < 5%1, Output voltage changes due to 
changes In internal temperatura must be taken into account separately. 
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LINEAR 

INTEGRATED CIRCUITS 



TYPES RC4193M, RC4193I, RC4193C 
MICROPOWER SWITCHING REGULATOR 

D2718. DECEMBER 1982 



RC4193M . . . JG 
RC4193I. RC4193C . . . JG OR P 
DUAL-IN-LINE PACKAGE 
(TOP VIEW) 





Us 


"2 LBD 


2 




~2 VFB 


3 


6 




4 


5 


Dvcc 



FUNCTION TABLE 



• High Efficiency . . . 80% Typ 

• Low Bias Current ... 135 

• Adjustable Output ... 2.5 V to 24 V 

• Output Current ... 1 50 mA 

• Interna! Reference ... 1.3 V ±5% 

• Remote Shutdown Capabilities 

• Interchangeable with Raytheon RC41 93 

description 

The RC41 93 is a monolithic micro power switching 
regulator designed to provide atl the functions required 
to make a complete low-power switching regulator 
primarily for battery operated instruments. The 
RC41 93 offers the system designer the flexibility of 
tailoring the circuit to the application. Typical 
applications include step-up switching regulation, 
step-down switching regulation, and inverting switch 
regulation. The RC41 93 contains a 1 .3-volt 

temperature-compensated band-gap reference, an adjustable free-running oscillator, voltage comparator, low battery 
detection circuitry, and a 1 50- mil ti ampere output-switch transistor. 

For most applications, the RC41 93 can achieve up to 80% efficiency while operating over a wide supply voltage range 
from 2.4 volts to 24 volts at an ultra-low bias current drain of 135 microamperes. The RC4193 has an adjustable i 
1 00-hertz to 1 60-kilohertz free-running oscillator that provides the drive circuitry for the on-chip 1 50-miIliampere output- 
switch transistor. An external capacitor on pin 2 determines the oscillator frequency. I 

The low-battery detection circuitry contains an open-collector output transistor that can be used to activate a liquid 
crystal display whenever the battery voltage drops below a programmed level. This programmed level is determined 
by the selection of external resistors connected to pin 1 . 

The RC41 93 will shut off when pin 6 (IC) is below 0.5 volt. The shut-off feature is useful in battery-backup applications 
requiring operation only when the tine power is removed. Another use of this feature is connecting a zener diode between 
pin 6 and the battery line to shut down the regulator whenever the battery voltage drops below a predetermined level. 

The RC4193M is characterized for operation over the full military temperature range of - 55°Cto 125°C. The RC4193I 
is characterized for operation from - 25 °C to 85 °C. The RC41 93C is characterized for operation from 0°C to 70°C. 

functional block diagram 



PIN 


FUNCTION 


DESCRIPTION 


1 


LBR 


Low battery resistor 


2 


CX 


External capacitor 


3 


LX 


External inductor 


4 


GND 


Ground 


5 


vcc 


Supply voltage 


6 


IC 


Reference set control 


7 


VFB 


Feedback voltage 


8 


LBD 


Low battery detector 



vcc 



LOW- BATTERY 
DETECTION 
COMPARATOR 




PRODUCT PREVIEW 
This document contiins information 
on ■ product under development. Tox« 
Instruments reserves tho right to chtnoo or 
discontinue this product without notice. 
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LINEAR TYPES S61524. SG2524, S63S24 

INTEGRATED CIRCUITS REGULATING PULSE WIDTH MODULATORS 

D2294, APRIL 1977 - REVISED DECEMBER 1982 



• Complete PWM Power Control Circuitry 

• Uncommitted Outputs for Single-Ended 
or Push-Pull Applications 

• Low Standby Current ... 8 mA Typ 

• Interchangeable With Silicon General 
SG1524, SG2524, and SG3524 



description 

The SG1524, SG2524, and SG3524 incorporate on 
single monolithic chips all the functions required 
in the construction of a regulating power supply, 
inverter, or switching regulator. They can also be 
used as the control element for high -power-output 
applications. The SGI 524 family was designed for 
switching regulators of either polarity, transformer- 
coupled dc-to-dc converters, transformerless voltage 
doubters, and polarity converter applications employ- 
ing fixed-frequency, pulse-width-modulation tech- 
niques. The complementary output allows either 
single-ended or push-pull application. Each device 
includes an on-chip regulator, error amplifier, pro- 
grammable oscillator, pulse -steering flip-flop, two 
uncommitted pass transistors, a high-gain comparator, 
and current-limiting and shut-down circuitry. 

functional block diagram 



IF 



SG1S24 . . . J 
SG2524, SG3524 ... J OR N 
DUAL-IN-LINE PACKAGE (TOP VIEW) 



REF SHUT 

OUT V CC E2 C2 C1 El DOWN COMP 




T 



iininiTLiniriiJi^j^ 



INV NON OSC (-» («] «T CT GND 
tNPUT tNV OUT CL. CI. 
INPUT 



The SG1524 is characterized for operation over the 
full military temperature range of -55°C to 125°C 
The SG2524 is characterized for operation from 
-25°C to 85°C, and the SG3524 is characterized 
for operation from 0°C to 70°C. 



"-j^^^ V mi 



INVERT INPUT 
NON-1 NV. INPUT 



COMPENSATION 



(♦) CURRENT LIMIT 
(-) CURRENT LIMIT 




COLLECTOR 1 
EMITTER 1 

COLLECTOR 2 
EMITTER 2 
OSC OUTPUT 



Roiittor values shown sro nominal 
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TYPES 8G1B24. SG2624. SG3524 
REGULATING PULSE WIDTH MODULATORS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



Supply Voltage, Vcc (see Notes 1 and 2) 40 V 

Collector Output Current 1 00 mA 

Reference Output Current 50 mA 

Current Through Cj Terminal —5 mA 

Continuous Total Dissipation at (or below) 25° C Free-Air Temperature (See Note 3) 1000 mW 

Operating Free-Air Temperature Range:SG1524 -55°C to 125°C 

SG2524 -25°Cto85°C 

SG3524 0°Cto70°C 

Storage Temperature Range -65°C to 150°C 

NOTES: 1. All voltage valuea ore wfch respect to network ground terminal. 



2. The reference regulator may bo bypassed for operation from a fixed 5- volt supply by connecting the V cc and reference output pins both to tho 
supply voltage. [ n this configuration the maximum supply vottage is 6 volts. 

3. For operation at elevated temperature, refer to Rgurcs 16 and 17. In tho J package, SG1524 chips are alloy-mounted; SG2524 and SG3524 
chips are glass-mounted. 

recommended operating conditions 





SG1524 


SG2S24 


SG3S24 






MtN 


MAX 


MtN 


MAX 


MIN 


MAX 


UNIT 


Supply voltage, Vcc 


8 


40 


8 


40 


8 


40 


V 


Reference output current 





50 


" 0" 


SO 





50 


mA 


Current thru Cj terminal 


-0.03 


-2 


-0.03 


-2 


-0.03 


-2 


mA 


Timing resistor, Rj 


1.8 


100 


1.8 


100 


1.8 


100 


k& 


Timing capacitor, Cj 


O.001 


0.1 


0.001 


0.1 


0.001 


0.1 


HF 


Operating free-air temperature 


-55 


125 


-25 


85 





70 


°C 



electrical characteristics over recommended operating free-air temperature range, v* cc = 20 V, f = 20 kHz 
(unless otherwise noted) 

reference section 



PARAMETER 


TEST 
CONDITIONS* 


SG1524 


SG2524 


SG3524 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


MIN TYPt MAX 


Output voltage 




4.8 5 5.2 


4.8 5 5.2 


4.6 5 5.4 


V 


Input regulation 


Vcc - 8 to 40 V 


10 20 


10 20 


10 30 


mV 


Ripple rejection 


1 - 120 Hz 


66 


66 


66 


dB 


Output regulation 


lO " to 20 mA 


20 50 


20 50 


20 50 


mV 


Output voltage change 
with temperature 


T A - MIN to MAX 


0.6 2 


0.3 1 


0.3 1 


% 


Short-circuit output current § 


Vref " 


100 


100 


100 


mA 



t For conditions shown as MIN or MAX, uto tho appropriate value specified under rocommended opo rating conditions, 
t All typical values except output voltage change with temperature are at Ta " 25° C. 
§ Duration of the short-circuit should not oxcoed one second. 
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TYPES SG1524, SG2524. SG3524 
REGULATING PULSE WIDTH MODULATORS 



electrical characteristics over recommended operating free-air temperature range, Vqq = 20 V, f = 20 kHz 
(unless otherwise noted) 

oscillator section 



PARAMETER 


TEST CONDITIONS t 


MIN TYPt MAX 


UNIT 


Frequency 


Cj ■ 0.001 uF. Rj - 2 kll 


450 


kHz 


Standard deviation of frequency § 


All values of voltage, temperature, 
resistance, and capacitance constant 


5 


% 


Frequency change with voltage 


Vqc " 8 to 40 V, Ta - 25°C 


1 


% 


Frequency change with temperature 


Ta - MIN to MAX 


2 


% 


Output amplitude at pin 3 




3.5 


V 


Output pulse width at pin 3 


Cj 0.01 uF 


0.5 


MS 



error amplifier section 



PARAMETER 


TEST CONDITIONS 


SG1524. SG2524 


SG3524 


UNIT 


MIN TYP* -MAX 


MIN TYPt MAX 


Input offset voltage 


V|C- 2.5 V 


0.5 5 


2 10 


mV 


Input bias current 


V| C - 2.5 V 


2 10 


2 10 


jiA 


Open-loop voltage amplification 




72 80 


60 80 


dB 


Common-mode input voltage range 


T A - 25°C 


1.8 
to 
3.4 


1.8 

to 
3.4 


V 


Common-mode rejection ratio 




70 


70 


dB 


Unity-gain bandwidth 




3 


3 


MHz 


Output swing 


T A - 25° C 


0.5 3.8 


0.5 3.8 


V 



output section 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


Collector-emitter breakdown voltage 




40 


V 


Collector off-state current 


V CE - 40 V 


0.01 50 


MA 


Collector-emitter saturation voltage 


l£ = 50 mA 


1 2 


V 


Emitter output voltage 


Vc - 20 V, Ie»-250jjA 


17 18 


V 


Turn-off voltage rise time 


Fin - 2 kll 


0.2 


MS 


Turn-on voltage fall time 


He -2 kil 


0.1 


MS 



comparator section 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


Maximum duty cycle, each output 




45 


% 


Input threshold- voltage nt pin 9 


Zero duty cycle 


1 


V 


Maximum duty cycle 


3.5 


Input bias current 




-1 


ma 



r For conditions shown as MIN or MAX, us© tho appropriate value specified under recommended operating conditions. 
4- Alt typical values oxcopt for tomporaturo coefficients ore at Ta ™ 25°C. 



Standard deviation Is measure of tho statistical distribution about tho moan as derived from the formula a ** 



Texas Instruments 2 6? 



I NCORPOR A r ED 
POST OFFICE BOX 226012 • DALLAS. TEXAS 75265 



TYPES SG1524, SG2524, SG3524 
REGULATING PULSE WIDTH MODULATORS 



electrical characteristics over recommended operating free-air temperature range, Vqq = 20 V, f = 20 kHz 
(unless otherwise noted) 

current limiting section 



PARAMETER 


TEST CONDITIONS 


SG1524, SG2524 


SG3524 


UNIT 


MIN 


TYPt MAX 


MIN 


TYP 


MAX 


Input voltage range (either input) 




-1 
to 
+ 1 




-1 
to 
+ 1 






V 


Sense voltage at = 25" C 


V {pin2)-V(pin1)>50 mV, 


190 


200 210 


180 


200 


220 


mV 


Temperature coefficient 
of sense voltage 


Vfpin 9) - 2 V 


0.2 


0.2 


mvrc 



total device 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


Standby current 


V CC «40V, 
Pin 2 at 2 V, 


Pins 1,4,7.8,9,11,14 grounded. 
All other inputs and outputs open 




8 


10 


mA 



t All typical values except for lempurature cosfflcionts ore at - 25°C. 



PARAMETER MEASUREMENT INFORMATION 

V CC - 8 to 40 V 



2kit 
—AAA*— 



-7H 



VCC 



CIRCUIT 
UNDER ' 
TEST 



FIGURE 1— GENERA L TEST CIRCUIT 



OUTPUT \ | 

jL hi 




* *ee 



TESTCIRCUIT 



VOLTAGE WAVEFORMS 



FIGURE 2 -SWITCHING TIMES 
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TYPES SG1524. SG2S24. SG3S24 
REGULATING PULSE WIDTH MODULATORS 



TYPICAL CHARACTERISTICS 



CD 



o 

> 



O 



OPEN-LOOP VOLTAGE AMPLIFICATION 
OF ERROR AMPLIFIER 
vs 

FREQUENCY 



eo 



£ 70 



60 
50 

40 
30 
20 
10 


-10 



TTTmi 
R F - 



H F 300 ki» 



Hp ■ 100 k£i 



R p 30 kSTi 



V C C = 20 V 



Rfr is resistance from pin 9 to ground 



1 DO 



1 k 



10 k 100 k 

Frequency— Hz 
FIGURE 3 



1 M 



10M 



OSCILLATOR FREQUENCY 
TIMING RESISTANCE 




100 



4 7 10 20 40 70 100 
Rj— Resistance— kil 

FIGURE 4 



10 



* 4 

r 



0,1 



OUTPUT DEAD TIME 
vs 

TIMING CAPACITANCE VALUE 



-VCC = 20 V 
-T A = 25°C 



0.1 



0.001 



0.004 0.01 
Cx— Capacitance— fiF 

FIGURE 5 



0.04 
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TYPES SG1524 V SG2524, SG3524 
REGULATING PULSE WIDTH MODULATORS 



PRINCIPLES OF OPERATION 

The SG1524* is a fixed-frequency pulse-width-modulation voltage-regulator control circuit. The regulator operates at a 
fixed frequency that is programmed by one timing resistor Rj and one timing capacitor Ct. Rj establishes a constant 
charging current for Cy. This results in a linear voltage ramp at Cj, which is fed to the comparator providing linear 
control of the output pulse width by the error amplifier. The SG1524 contains an on-board 5-volt regulator that serves 
as a reference as well as supplying the SG1524's internal regulator control circuitry. The internal reference voltage is 
divided externally by a resistor ladder network to provide a reference within the common-mode range of the error amp- 
lifier as shown in Figure 6, or an external reference may be used. The output is sensed by a second resistor divider net- 
work and the error signal is amplified. This voltage is then compared to the linear voltage ramp at Cj. The resulting 
modulated pulse out of the high-gain comparator is then steered to the appropriate output pass transistor (Q1 or Q2) 
by the pulse-steering flip-flop, which is synchronously toggled by the oscillator output. The oscillator output pulse also 
serves as a blanking pulse to assure both outputs are never on simultaneously during the transition times. The width of 
the blanking pulse is controlled by the value of Cj. The outputs may be applied in a push-pull configuration in which 
their frequency is half that of the base oscillator, or paralleled for single-ended applications in which the frequency is 
equal to that of the oscillator. The output of the error amplifier shares a common input to the comparator with the 
current-limiting and shut-down circuitry and can be overridden by signals from either of these inputs. This common 
point is also available externally and may be employed to control the gain of, or to compensate, the error amplifier, or 
to provide additional control to the regulator. 

~ ~ ' TYPICAL APPLICATION DATA 

oscillator 

The oscillator controls the frequency of the SG1524 and is programmed by Rt and Cj as shown in Figure 4. 

1.15 
f 

where Hj is in kilohms 

R T C T 

I Cj is in microfarads 

f is in kilohertz 

Practical values of Cj fall between 0.001 and 0.1 microfarad. Practical values of Rt fall between 1.8 and 100 kilohms. 
This results in a frequency range typically from 140 hertz to 500 kilohertz. 

blanking 

The output pulse of the oscillator is used as a blanking pulse at the output. This pulse width is controlled by the value 
of Cj as shown in Figure 5. If small values of Cj are required, the oscillator output pulse width may still be maintained 
by applying a shunt capacitance from pin 3 to ground. 



synchronous operation 

When an external clock is desired, a clock pulse of approximately 3 volts can be applied directly to the oscillator output 
terminal. The impedance to ground at this point is approximately 2 kilohms. In this configuration Rj Ct must be 
selected for a clock period slightly greater than that of the external clock. 

If two or more SG1524 regulators are to be operated synchronously, all oscillator output terminals should be tied 
together. The oscillator programmed for the minimum clock period will be the master from which all the other 
SG 1 524's operate. In this application, the Cj Rj values of the slaved regulators must be set for a period approximately 
10% longer than that of the master regulator. In addition, Cj (master) - 2 Cj (slave) to ensure that the master output 
pulse, which occurs first, has a wider pulse width and will subsequently reset the slave regulators. 

T Throughout these discussions, ref stances to SG 1524 apply also to SG2524 and SG3524. 
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TYPES SG1524, SG2524, S63S24 
REGULATIN6 PULSE WIDTH MODULATORS 



TYPICAL APPLICATION DATA 

voltage reference 

The 5*volt internal reference may be employed by use of an external resistor divider network to establish a reference 
within the error amplifiers common-mode voltage range (1.8 to 3.4 volts) as shown in Figure 6, or an external reference 
may be applied directly to the error amplifier. For operation from a fixed 5-volt supply, the internal reference may be 
bypassed by applying the input voltage to both the Vqc and VreF terminals. In this configuration, however, the input 
voltage is limited to a maximum of 6 volts. 



REF 
OUT 



TO POSITIVE 
-OUTPUT 
VOLTAGE 



Rj (too Noto B) 



V « 2.5 V- 



R1 + R2 



REF 
OUT 



R 1 {toe Note B) 



3> 



R 2 

TO NEGATIVE 

I OUTPUT 

VOLTAGE 



Rl R2 



= 2.5 kfi 



R1 R1+R2 
FIGURE 6-ERROR AMPLIFIER BIAS CIRCUITS 



error amplifier 



The error amplifier is a differential-input transconductance amplifier. The output is available for dcgain control or ac 
phase compensation. The compensation node (pin 9) is a high-impedance node (Rl - 5 megohms). The gain of the 
amplifier is Ay ° (0,002 J2 ~ ) R|_ and can easily be reduced from a nominal 10,000 by an external shunt resistance 
from pin 9 to ground. Refer to Figure 3 for data. 

compensation 



Pin 9, as discussed above, is made available for compensation. Since most output filters will introduce one or more 
additional poles at frequencies below 200 hertz, which is the pole of the uncompensated amplifier, introduction of 
a zero to cancel one of the output filter poles is desirable. This can best be accomplished with a series RC 
circuit from pin 9 to ground in the range of 50 kilohms and 0.001 microfarads. Other frequencies can be canceled by 
use of the formula f 1/RC. 



shut down circuitry 



Pin 9 can also be employed to introduce external control of the SGI 524. Any circuit that can sink 200 microamperes 
can pull the compensation terminal to ground and thus disable the SG 1 524. 

In addition to constant-current limiting, pins 4 and 5 may also be used in transformer-coupled circuits to sense primary 
current and shorten an output pulse should transformer saturation occur. Pin 5 may also be grounded to convert pin 4 
into an additional shutdown terminal. 
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TYPES $61524, SG2624, SG3524 
REGULATING PULSE WIDTH MODULATORS 



current limiting 



TYPICAL APPLICATION DATA 



A current-limiting sense amplifier is provided in the SG1524. The current-limiting sense amplifier exhibits a threshold 
of 200 millivolts and must be applied in the ground line since the voltage range of the inputs is limited to +1 volt to 
-0.7 volt. Caution should be taken to ensure the -0.7-volt limit is not exceeded by either input, otherwise damage to 
the device may result. 

Fold-back current limiting can be provided with the network shown in Figure 7. The current-limit schematic is shown 
in Figure 8. 



TL1S24 



3~T 

1-1 C.L. I 



■+VouT 



. — JO) 

'OS - — ^- — wt*r» Vjp^njc) - 20 mV 

FIGURE 7— FOLDBACK CURRENT LIMITING FOR SHORTED OUTPUT CONDITIONS 



^^^RR( 



C T - 



ERROR 
AMPLIFIER 



3 ^^C^Pi 



COMPARATOR 



CONSTANT-CURRENT 
SOURCE 



> 



r 



FIGURE 8— CURRENT-LIMIT SCHEMATIC 



output circuitry 

The SG1524 contains two identical n-p-n transistors the collectors and emitters of which are uncommitted. Each 
transistor has antisaturation circuitry that limits the current through that transistor to a maximum of 100 milliamperes 
for fast response. 
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TYPES SG1524, SG2524, S63524 
REGULATING PULSE WIDTH MODULATORS 



TYPICAL APPLICATION DATA 

general 

There are a wide variety of output configurations possible when considering the application of the SG1524 as a voltage 
regulator control circuit. They can be segregated into three basic categories: 

1 . Capacitor-diode -coupled voltage multipliers 

2. Inductor-capacitor-implemented single-ended circuits 

3. Transformer-coupled circuits 

Examples of these categories are shown in Figures 9, 10 and 1 1 , respectively. Detailed diagrams of specific applications 
are shown in Figures 12 through 15. 




FIGURE 9-CAPACITOR-DIODE-COUPLED VOLTAGE- FIGURE 10— SINGLE-ENDED INDUCTOR CIRCUIT 

MULTIPLIER OUTPUT STAGES 
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TYPES SG1524, SG2524, SG3524 
REGULATING PULSE WIDTH MODULATORS 



5kfl 



5 kill 
0.1 pF I 



2kn 



0.01 pF 
-)l 



TYPICAL APPLICATION DATA 

V CC «15V 



is kn 



5kn 



Vcc 

INV 

NON-INV 
REF OUT 

SHUT 
DOWN 



El 
CI 

C2 
E2 
+C.L. 



OSC OUT COMP 
GND 



S61524 



1N916 

-w — 



20/jF 1N916 

-K-H«- 



-5 V 
'20 mA 



1N916 



11 >k 



50 pF 
+ 



FIGURE 12— CAPACITOR-DIODE OUTPUT CIRCUIT 



100. 



2B 
ktt 



5kn, 



2kH 



0.02 fiF 



V CC 



»5V 



*CC 

INV 

NON-INV 
REF OUT 

Rt 

Ct 

shut 

DOWN 
OSC OUT COMP 
GND 



El 
C1 
C2 
E2 

+C.L. 

-C.L. 



SG1524 



30012 



1 MH 



1N916 



0.00^ 4.7 ^ 




FIGURE 13- FLYBACK CONVERTER CIRCUIT 
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TYPES SG1524, SG2524, SG3524 
REGULATING PULSE WIDTH MODULATORS 



TYPICAL APPLICATION DATA 



Ska 



5 !■ :; 



0>1mF |b kii 



3 kn 



OO^F 



vcc = 2fl v 



INV 

NON INV 
REF OUT 
R T 

SHUT 
DOWN 
OSC OUT 

GND 



E1 
CI 
CZ 
E2 

-C.L 
CO MP 



SG1G24 



+5 V 
1 A 



I 



0,001 
50 kQ 



RETUF1N- 



0.1 ii 



FIGURE 14— SINGLE ENDED LC CIRCUIT 



V CC - 38 V 
1 



INV 

MOW INV 
R£FOUT 

R T 

C T 

SHUT 
DOWN 

OSC OUT 

GND 



1W^ 



El 

CI 
C2 
E2 

+C.L, 
-C.L 
CQMP 



1 kU 

m 



TIP31A 



1 



0.001 
20 fcfi 



0.1 1; 



Ml ^ BT i 



imioiA 



1 mH 



1SO0^F^p T 5 V, 5 A 



^liJOyiF 



FIGURE 15-PUSHPULL TRANSFORMER-COUPLED CIRCUIT 
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TYPES SG1524, SG2524. SG3524 
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THERMAL INFORMATION 



J PACKAGE FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 




50 75 100 

T^— Free-Air Temperature— °C 



N PACKAGE FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



1200 



1000 



SOO 



600 



400 



5 

E 
= 

I 200 



DERATING FACTOR ' flJmWf C 
ABOVE 4%*C 
R0JA - IMtoW 

( I I 



25 35 45 55 65 75 85 
T/\— Free-Air Temperature— °C 



FIGURE 17 
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TYPE TL317M, TL317C 
3 TERMINAL ADJUSTABLE REGULATOR 

D2527, APRIL 1979— REVISED JANUARY 1983 



• Output Voltage Range Adjustable 
from 1.2 V to 32 V 

• Guaranteed Output Current Capability of 
100 mA 



• Input Regulation Typically 0.01% 
Per Input-Volt Change 

• Output Regulation Typically 0.5% 

• Ripple Rejection Typically 80 dB 



terminal assignments 



TL317M . . . JG PACKAGE 



TL317C . . . LPSILECT PACKAGE 



I 

INPUT 

nc <; 

NC <I 
NC <^ 


TOP VIEW 


I 

> OUTPUT 
^3 NC 

> ADJUSTMENT 

> NC 


(TO 


p VIEW) 

INPUT 

OUTPUT 

ADJUSTMENT 




! 



description 



The TL317 is an adjustable 3-terminal positive-voltage regulator capable of supplying 100 milliamperes over an 
output-voltage range of 1.2 volts to 32 volts. It is exceptionally easy to use and requires only two external resistors to 
set the output voltage. Both input and output regulation are better than standard fixed regulators. The device is pack- 
aged in standard packages that are easily mounted and handled. 

In addition to higher performance than fixed regulators, this regulator offers full overload protection available only in 
integrated circuits. Included on the chip are current limit and thermal overload protection. All overload protection 
circuitry remains fully functional even if the adjustment terminal is disconnected. Normally, no capacitors are needed 
unless the device is situated far from the input filter capacitors in which case an input bypass is needed. An optional 
output capacitor can be added to improve transient response. The adjustment terminal can be bypassed to achieve very 
high ripple rejection, which is difficult to achieve with standard 3-terminal regulators. 

Besides replacing fixed regulators, the regulator is useful in a wide variety of other applications. Since the regulator 
is floating and sees only the input-to-output differential voltage, supplies of several hundred volts can be regulated as 
long as the maximum input-to-output differential is not exceeded. Its primary application is that of a programmable 
output regulator, but by connecting a fixed resistor between the adjustment terminal and the output terminal, this 
device can be used as a precision current regulator. Supplies with electronic shutdown can be achieved by clamping the 
adjustment terminal to ground, which programs the output to 1.2 volts where most loads draw little current. 

The TL317M is characterized for operation over the full military temperature range from -55°C to 125°C. The 
TL317C is characterized for operation from 0°C to 125°C. 
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TYPE TL317M, TL317C 

3-TERMINAL ADJUSTABLE REGULATOR 



schematic 




5 >f*i"" 



K 



>■ 



-O ADJUSTMENT 



All component viluti ihcwn ■•• nommtl 



absolute maximum ratings over operation temperature range (unless otherwise noted) 

Input-to-output differential voltage, V| - Vrj 35 V 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 1): JG package 1050 mW 

LP package 775 mW 

Continuous total dissipation at (or below) 25 °C case temperature (see Note 1) 1600 mW 

Operating free-air, case, or virtual junction temperature range: TL317M -55°C to 150°C 

TL317C 0°C to 150°C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds, JG package 300°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds, LP package 260°C 

NOTE 1: For operation above 25*C tree-air or case temperature, refer to Dissipation Derating Table. 



DISSIPATION DERATING TABLE 



PACKAGE 


REFERENCE 
POINT 


POWER 
RATING 


DERATING 
FACTOR 


ABOVE 
(T A OR T C ) 


JG 


Free-air 


1050 mW 


8.4 mW/°C 


25° C 


Case 


1600 mW 


38.4 mW/°C 


108 g C 


LP 


Free*oir 


775 mW 


6.2mW/°C 


25° C 


Case 


1600 mW 


28.6 mW/°C 


94° C 



recommended operating conditions 





TL317M 


TL317C 


UNIT 


MIN MAX 


MIN MAX 


Output current, \q 


2.5 100 


2.5 100 


mA 


Operating virtual junction temperature, Tj 


-55 125 


125 


°C 
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TYPE TL317M. TL317C 
3 TERMINAL ADJUSTABLE REGULATOR 



electrical characteristics over recommended ranges of operating virtual junction temperature 
(unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


MIN TYP MAX 


UNIT 


Input regulation {see Note 2) 


V|-V »3Vto 35 V, 
See Note 3 


Tj - 25°C 


0.01 0.02 


%/V 


Iq " 2.5 mA to 100 mA 


0.02 0.05 


Ripple rejection 


Vq-IOV, f- 120 Hz 


65 


dB 


V O =10V, f » 120 Hz, 
10-uF capacitor between ADJ and ground 


66 80 


Output regulation 


10" 2.5 mA to 100 mA, 
Tj - 25° C, 
See Note 3 


Vq< 5 V 


25 


mV 


Vo> 5 V 


0.5 


% 


Iq " 2.5 mA to 100 mA, 
See Note 3 


V < 5V 


50 


mV 


V > 5 V 


1 


% 


Output voltage change with temperature 


Tj- 0°C to125°C 


1 


% 


Output voltage long-term drift (tee Note 4) 


After 1000 h at Tj - 1 25°C and V| - V - 35 V 


0.3 1 


% 


Output noise voltage 


f» 10 Hz to 10 kHz, Tj-25°C 


0.003 


% 


Minimum output current to maintain regulation 


V| - V -35V 


1.5 2.5 


mA 


Peak output current 


V| - Vo< 35 V 


100 200 


mA 


Adjuitment- terminal current 




50 100 


uA 


Change in adjustment-terminal current 


V| - Vo » 2.5 V to 35 V, Iq - 2.5 mA to 100 mA 


0.2 5 


t*A 


Reference voltage {output to ADJ) 


V| - V » 3 V to 35 V, l - 2.5 mA to 100 mA, 
P < rated dissipation 


1.2 1.25 1.3 


V 



r Unlets otherwEso noted, thosa specifications apply for the following test conditions: V| — Vq «• S V and 1q - 2.5 mA. 
NOTES: 2. Input regulation it expressed hore as the percentage change in output voltage per 1-volt change at the input. 

3. Input regulation and output regulation are measured using pulso techniques (t w < 10 Ms, duty cycle < 5%) to limit changes in 
avorego Interne) dissipation. Output voltage changes duo to largo changes tn tntornal dissipation must bo taken Into account 
separately. 

4. Sinco long-torm drift cannot be measured on the Individual devices prior to shipment, this specification is not intended to bo a 
guarantee or warranty. It Is an engineering estimate of the overage drift to bo oxpoctod from lot to lot. 



TYPICAL APPLICATION DATA 




-Ov 



-10 V 



■ IN OUT 



4 ktN*002 



T 01 discharges C2 if output 
Is shorted to ground. 



FIGURE 1 — ADJUST AB LE FIGURE 2-0-V to 30 V REGULATOR FIGURE 3 -ADJUSTABLE REGULATOR 

VOLTAGE REGULATOR CIRCUIT CIRCUIT WITH IMPROVED 

RIPPLE REJECTION 

NOTES: A. Use of an Input bypass capacitor is rocommendod if regulator is far from f Ittor capacitors, 
8. Use of an output capacitor Improves transient response but Is optional, 
C. V ra f equals the difference between the output and adjustment terminal voltages. 



D, Output voltage is calculated from the equation: Vq - V re f 



(••-) 
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TYPE TL317M, TL317C 

3 TERMINAL ADJUSTABLE REGULATOR 



TYPICAL APPLICATION DATA 



I 



C2 . 



R1 (*2 
470 n 1*M» 



< IN OUT if O V 
_L ci I ADJ I RJ 

— t 



OUTPUT . >4 R4 
ADJUST^. 2kn 



FIGURE 4-PRECISION CURRENT 
LIMITER CIRCUIT 



FIGURE 5-TRACKING PREREGULATOR 
CIRCUIT 





I 



FIGURE 6-SLOW-TURN-ON 15-V 
REGULATOR CIRCUIT 



FIGURE 7-5CVmA CONSTANT-CURRENT 
BATTERY CHARGER CIRCUIT 



IN OUT 
ADJ 



23 



tTht* resistor set* peak current (100 mA for 6 ft). 




OV 



1 Minimum load currant if 30 mA. 
§Optionol capacitor improves ripple rejection 



FIGURE 8— CURRENT-LIMITED 
6-V CHARGER 



FIGURE 9— HIGH-CURRENT ADJUSTABLE REGULATOR 
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LINEAR 

INTEGRATED 

CIRCUITS 



TYPES TL430I, TL430C 
ADJUSTABLE SHUNT REGULATORS 

D216S, JUNE 1976-REVISED DECEMBER 1982 



• Temperature Compensated 

• Programmable Output Voltage 

• Low Output Resistance 

• Low Output Noise 

• Sink Capability to 100 mA 

description 

The TL430 is a three-terminal adjustable shunt 
regulator featuring excetlent temperature stability, 
wide operating current range, and low output noise. 
The output voltage may be set by two external 
resistors to any desired value between 3 volts and 
30 volts. The TL430 can replace zener diodes in 
many applications providing improved performance. 

The TL430I is characterized for operation from 
-2S°C to 85 °C, and the TL430C is characterized 
for operating from °C to 70 °C. 



functional block diagram 



ANODE - 
1A> 



REF 



- CATHOOE 



LP 

SILECT PACKAGE 



(TOP VIEW) 




RAK 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Regulator voltage (see Note 11 30 V 

Continuous regulator current 150 mA 

Continuous dissipation at (or below) 25 °C free-air temperature (see Note 2) 775 mW 

Operating free-air temperature range: TL430I - 40 °C to 85 °C 

TL430C 0°Cto70°C 

Storage temperature range - 65 °C to 1 50 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 °C 

recommended operating conditions 

MIN MAX UNIT 

Regulator Voltage, Vz V re f 30 V 

Regulator current, lz 2 1 00 mA ' 

NOTES; 1 . All voltoga values ere with respect to the anode terminal. 

2. For operation above 25 °C free-air temperature, refer to Dissipation Dora ting Curves, Figure 5. 
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TYPES TL430I, TL430C 
ADJUSTABLE SHUNT REGULATORS 



electrical characteristics at 25° C free-air temperature (unless otherwise noted) 



PARAMETER 


TEST 
FIGURE 


TEST CONDITIONS 


TL430I 


TL430C 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


V r0 f Reference input voltage 


1 


Vz°V rof , l Z =10mA 


2.6 2.75 2.9 


2.5 2.75 3 


V 


Temperature coefficient of 
ftVre ' reference input voltage 


1 


V 2 »V re f. Iz* 10 mA, 
TA s o Ct0 7<fC 


+120 +200 


+120 


ppm/°C 


Irof Reference input current 


2 


l 2 -10mA, R1 «lOkn, 
R2 »oo 


3 10 


3 10 


uA 


Regulator current near lower 

'ZK . ... 

knee of regulation range 


1 


Vz Q V raf 


0.5 2 


0.5 2 


mA 


Regulator current at maximum 

l7M 

limit of regulation range 


1 


v z -v re , 


50 


60 


mA 


2 


V 2 » 5 V to 30 V, See Note 3 


100 


100 


Differential regulator resistance 
' z (see Note 4) 


1 


vz-v ref . 

Al z - <52-2) mA 


1.5 3 


^s 3 


n 


V nz Noise voltage 


2 


f - 0.1 Hz to 10 Hz 


V Z »3V 


SO 


so 




V 2 = 12 V 


200 


200 


V Z - 30 V 


650 


650 



NOTES: 3. Tho ovorego power dissipation, V2 * >2 * du *V cyclo, mutt not oxcoed tho maximum continuous rating In any 10- m« interval. 
4. Tho rogutotor resistance for > Vrof* r z ', is given by: 



PARAMETER MEASUREMENT INFORMATION 



INPUT O WV- 



Vref 

1 .. 



-o v z 



I" 



TL430 



INPUT 




« 1 

v Z-V rof (1+— ) + l rof »Ri 



FIGURE 1-TEST CIRCUIT FOR V Z - Vref 



FIGURE 2-TEST CIRCUIT FOR V 2 > 
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TYPES TL430I, TL430C 
ADJUSTABLE SHUNT REGULATORS 



TYPICAL CHARACTERISTICS 



a 

j 



3,0 
2M 
2.6 
2.4 
22 
2.0 
1.8 
1,6 
1.4 



SMALL-SIGNAL REGULATOR IMPEDANCE 
vs 

FREQUENCY 



10 102 1 03 10* 

f— Frequency— Hz 

FIGURE 3 
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CURRENT 

vs 

VOLTAGE 
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ZK 



1 2 

V-Voltage-V 

FIGURE 4 
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THERMAL INFORMATION 

LP PACKAGE 
DISSIPATION DERATING CURVE 



25 35 45 55 G5 75 85 
Ta~ Free-Air Temperature— °C 



FIGURE 5 
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TYPES TL430I, TL430C 
ADJUSTABLE SHUNT REGULATORS 



TYPICAL APPLICATION DATA 




FIGURE 6 -SHUNT REGULATOR FIGURE 7 -SERIES REGULATOR FIGURE 8— CURRENT LIMITER 



FIGURE 9-OUTPUT CONTROL OF A 
THREE-THERMAL 
FIXED REGULATOR 




FIGURE 10— HIGHER-CURRENT 
APPLICATIONS 



FIGURE 1 1 —CROW BAR 




OUTPUT r "l 

HHKN 

LOW , MkQM 



R1A t 

Hiqhl.m.l * V„|ll * — I 



FIGURE 1 2 — OVER-VOLTAGE/UNDER-VOLTAGE 
PROTECTION CIRCUIT 




l r.jy I rn,p V (e | (1 I 

H,hl.m.. V fet t.< R?A . 

FIGURE 13-Vcc MONITOR 
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LINEAR 

INTEGRATED 

CIRCUITS 



TYPES TL431M. TL431I, TL431C 
ADJUSTABLE PRECISION SHUNT REGULATORS 



D2410, JULY 1978-HEVISED DECEMBER 1982 



Fast Turn-On Response 
Sink Current Capability ... 1 mA to 10C mA 
Low (0.2-S2 Typ) Dynamic Output Impedance 
Low Output Noise Voltage 



Equivalent Full-Range Temperature 
Coefficient ... 30 ppm/°C Typ 

Temperature Compensated for Operation Over 
Full Rated Operating Temperature Range 

Adjustable Output Voltage 
description 

The TL431 rs a three-terminal adjustable regulator series with guaranteed thermal stability over applicable temperature 
ranges. The output voltage may be set to any value between V re f (approximately 2.5 volts) and 36 volts with two 
external resistors (see Figure 16). These devices have a typical dynamic output impedance of 0.2 fi. Active output 
circuitry provides a very sharp turn-on characteristic, making these devices excellent replacements for zener diodes in 
many applications. 

The TL431M is characterized for operation over the full military temperature range of — 55°C to 125" C. The TL431 1 is 
characterized for operation from -40°C to 85°C, and the TL431C from 0°C to 70°C. 

terminal assignments 

TL431M . . JG 
DUAL-IN-LINE PACKAGE 



TL431I, TL431C ... LP 
SILECT PACKAGE 



TL431I, TL431C . . . P 
DUAL-IN-LINE PACKAGE 



ITOP VIEW) 
REF NC A NC 



WW 

K NC NC NC 



(TOP VIEW) 



PI 

1 f 
M 


CATHODE 


P 


ANODE 






u 


REF 



(TOP VIEW) 
REF NC A NC 

A A A A 



K NC NC NC 



RAK 



fa 



NC— No internal connection 

schematic 



functional block diagram 



-U-i 



5y 




REFERENCE (R) 



ANODE- 
(A) 



■ CATHODE 
(K) 
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TYPES TL431M, TL431I. TL431C 

ADJUSTABLE PRECISION SHUNT REGULATORS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



Cathode voltage (see Note 1 } 37 V 

Continuous cathode current range -1 00 m A to 1 50 m A 

Reference input current range —50 uA to 10 mA 

Continuous power dissipation at (or below) 25° C free-air temperature (see Note 2): JG package 1050 mW 

LP package 775 mW 

P package 1000 mW 

Operating free-air temperature range: TL431 C 0°C to 70° C 

TL431I -40°Cto85°C 

TL431M -55°Cto 125°C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package 300° C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: LP or P package 260°C 



NOTES: 1. Voitogo values aro with respect to the anode terminal unloss otherwise noted. 

2. For operation above 25° C free-air temporaturo, rofor to the Dissipation Derating Table. 



DISSIPATION DERATING TABLE 



PACKAGE 


POWER 


DERATING 


ABOVE 


RATING 


FACTOR 


T A 


JG 


1050 mW 


8.4 mW/"C 


25° C 


LP 


775 mW 


6.2 mW/°C 


2B°C 


P 


1000 mW 


8.0 mW/°C 


25° C 



recommended operating conditions 

MIN MAX UNIT 

Cathode voltage, V«A v ref 36 v 

Cathode current, l«, (for regulation) 1 100 mA 
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electrical characteristics at 25°C free-air temperature (unless otherwise noted) 



PARAMETER 


TEST 
CIRCUIT 


TEST CONDITIONS 


TL431M 


TL431I 


TL431C 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


MIN TYP MAX 


V re f Reference input voltage 


1 


VKA-V r ef. IK -10 mA 


2440 2495 2550 


2440 2495 2550 


2440 2495 2550 


mV 


Deviation of reference input voltage 
v ref(dev) . .. + 
over full temperature range* 


1 


^KA " Vref« 'K " ^0 m ^' "'"A a r an9E^ 


22 44 


15 30 


8 17 


mV 


^ref Ratio of change in reference input 
iV KA voltage to the change in cathode voltage 




IK - 10 mA 


AV KA = 10V-V ref 


-1.4 -2.7 


-1.4 -2.7 


-1.4 -2.7 


mV 
V 


AV KA = 36 V - 10 V 


-1 -2 


-1 -2 


-1 -2 


l re f Reference input current 


2 


lK-10mA, Rl-lOkft, R2 = « 


2 4 


2 4 


2 4 


»A 


Deviation of reference inpui current 
'ref(dev) . ,. + 
over full temperature range* 


2 


IK " 10 mA, R1 - 10 ka, R2- - 
T A ■ full range ? 


1 3 


0.8 2.5 


0.4 1.2 


^A 


'min Minimum cathode current for regulation 


1 


v K a - v ref 


0.4 1 


0.4 1 


0.4 1 


mA 


'off Off-state cathode current 


3 


V KA -36 V. V ref -0 


0.1 1 


0.1 1 


0.1 1 


MA 


l*kal Dynamic impedance§ 


1 


V KA " Vref* Ik * 1 mA to 100 mA 
f < 1 kHz 


0.2 0.5 


0.2 0.5 


0.2 0.5 


12 



* Full temperature iango is -55°C to 125°C for tho TL431M. -4 0. C 1o 85" C for the TL431 1, and Q°C to 70° C for tho TL431C. 

tTha deviation parameters V^^gy) and l ro f(d ou ) wo dofinod as the differences between the maximum and minimum values obtained over tho rntod temperature rnngo. Tho 
equivalent full-range tcmporature coefficient of the roforanco Input voltage, 0tV ro j, is defined as: 



Max V re f —— 



I— 1(^) 



( v rof(dev) \ 
V rQf @25*C J 




Min V re f— £ — 



where AT^ is tho rated operating free-air lemparature rnngo of tho dovice. 
oV ref can 06 positive or nogs live depending on whether minimum V r0I or max imum V re f , respectively, occurs a\ the lower torn per aturo (see F iguro 8). 
Example: Max V ro( - 2500 mV *3> 30°C. Min V rof - 2492 mV 01 0°C, V raf - 2495 mV © 2S°C. AT A - 70°C for TL431C 



/ 8mV \ x 
\ 2495 mV / 

l° v ' e 'l zxz 



■ 46 ppm/°C 



Because minimum V r0 , occurs at tho lowor temperature, the coefficient is positive. 
§The dynamic impedance is defined as: 



AVka 



When the device is operated with two external resistors (sco Figure 21, tho total dynamic impedance of the circuit is given by: 



I*1-tH*.|('*E) 



TYPES TL431M. TL431I. TL431C 

ADJUSTABLE PRECISION SHUNT REGULATORS 



PARAMETER MEASUREMENT INFORMATION 
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FIGURE 1— TEST CIRCUIT FOR V KA - V rflf FIGURE 2-TEST CIRCUIT FOR V«A > v rof FIGURE 3-TEST CIRCUIT FOR l or f 

TYPICAL CHARACTERISTICS 
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FIGURE 7 
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TYPES TL431M, TL431I, TL431C 
ADJUSTABLE PRECISION SHUNT REGULATORS 



TYPICAL CHARACTERISTICS 



REFERENCE INPUT VOLTAGE 

vs 

FREE-AIR TEMPERATURE 



> 
E 

I 




-50 -25 25 50 75 1 00 125 
Ta— Free-Air Temperature— 'C 

FIGURE 8 



REFERENCE INPUT CURRENT 
vs 

FREE-AtR TEMPERATURE 
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FIGURE 9 



CHANGE IN REFERENCE INPUT VOLTAGE 
vs 

CATHODE VOLTAGE 
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FIGURE 10 

is for devices having tho indicated value o( V ro f at I ^ 10 mA . -25 C. 
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TYPES TL431M, TL431I, TL431C 

ADJUSTABLE PRECISION SHUNT REGULATORS 



TYPICAL CHARACTERISTICS 



[jynauic IMMMAlCi 




1-Fi«qo#ncv-Hr 

FIGURE 12 TEST CIRCUIT FOR DYNAMIC IMPEDANCE 




PULSE RESPONSE 
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MONITOR 



5 » 

} 





25-C 

1 


I 

INPUT 












































OUTPUT 








f 






_ 





































PULSE 
GENERATOR 
f - 100 kHz 



220 n 



-O OUTPUT 



> I * » » f 

l-Timi-fll 



* — r 



FIGURE 14 



TEST CIRCUIT FOR PULSE RESPONSE 
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TYPES TL431M. TL431I. TL431C 
ADJUSTABLE PRECISION SHUNT REGULATORS 



TYPICAL CHARACTERISTICS 



-AAAr- 



R1 = 

io kn 

: v ref 

R2 



150 n 

f Wr- 



3T 



* — — r 



TEST CIRCUIT FOR CURVE A BELOW TEST CIRCUIT FOR CURVES B, C, AND D BELOW 

STABILITY BOUNDARY CONDITIONS 
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A VKA=V ref 
B VKA = 5V@lK=10mA 
C VKA^lOV^'K^IOmA 
D VKA=15V@lK=10mA 



STABLE 



T A =25°C 




10 pF 100 pF 1000 pF 0.01 //F 0.1 jxF 1 txF 10 |iF 
C|_-Load Capacitance 
FIGURE 15 

*Tho areas under tho curves repr stent conditions that may cause tho dovice to oscillate. For curves B, C, end D, R2 and V+ were adjusted 
to establish tho Initial V KA and l K conditions with C L - O. V+ and C L wore then adjustad to determine tho ranges of stability. 

TYPICAL APPLICATIONS 
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FIGURE 16-SHUNT REGULATOR 



FIGURE 17-SINGLE-SUPPLY COMPARATOR 
WITH TEMPERATURE- 
COMPENSATED THRESHOLD 



FIGURE 18- SERIES 
REGULATOR 
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TYPES TL431M, TL431I. TL431C 

ADJUSTABLE PRECISION SHUNT REGULATORS 



TYPICAL APPLICATIONS 




FIGURE 19- OUTPUT CONTROL OF A FIGURE 20— HIGHER-CURRENT FIGURE 21 -CROW BAR 

THREE-TERMINAL SHUNT REGULATOR 

FIXED REGULATOR 
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LIMIT ^ v+ ^ LIMIT 







/ R1BV 
Low limit «V ref V + ^5) +v BE 

HEgh limit - V mf (l +^) 



v+ O- 



1 



Low limit * V rC | 
High limit * V nt 



('♦— ) 

\ R2S/ 
\ R2A/ 



LED ON WHEN 
LOW < v+ < HIGH 
2A/ LIMIT LIMIT 



FIGURE 22-OV ER-VOLTAG E/UNO ER -VO LTAG E 
PROTECTION CIRCUIT 



FIGURE 23- VOLTAGE MONITOR 



v+o- 



Delay - R-C-ln — — — 

(v+) - v ref 

FIGURE 24— DELAY TIMER 



Rcl 



-a 



V,ef 

FIGURE 25-CURRENT LIMITER OR 
CURRENT SOURCE 




Vref 



FIGURE 26— CONSTANT -CURRENT SINK 
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TYPES TL493, TL494 TL495 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 

D2535, JANUARY 1983 



• Complete PWM Power Control Circuitry 

• Uncommitted Outputs for 200-mA Sink or 
Source Current 

Output Control Selects Single-Ended or 
Push-Pull Operation 

• Internal Circuitry Prohibits Double Pulse at 
Either Output 

• Variable Dead-Time Provides Control Over 
Total Range 

• Internal Regulator Provides a Stable 5-V 
Reference Supply Trimmed to 1 % 

• Circuit Architecture Allows Easy 
Synchronization 

• TL493 Has Output Current-Limit Sensing 

• TL495 Has On-Chlp 39-V Zener and 
External Control of Output Steering 

description 

The TL493, TL494, and TL495 each incorporate on 
a single monolithic chip atl the functions required in 
tha construction of a pulse-width-modulation control 
circuit. Designed primarily for power supply control, 
these devices offer the systems engineer the flexibility 
to tailor the power supply control circuitry to his 
application. 

The TL493 contains an error amplifier, current-limiting 
ampfifier, an on-chip adjustable oscillator, a dead-time 
control comparator, pulse-steering control flip-flop, a 
5-volt, 1 %-precision regulator, and output-control 
circuits. 

The error amplifier exhibits a common-mode voltage 
range from - 0.3 volts to Vcc ~ 2 volts. The current- 
limit amplifier exhibits a common-mode voltage range 
from -0.3 volts to 3 volts with an offset voltage of 
approximately 80 millivolts in series with the inverting 
input to ease circuit design requirements. The dead- 
time control comparator has a fixed offset that 
provides approximately 5% dead time when externally 
altered. The on-chip oscillator may be bypassed by 
terminating Ry (pin 6) to the reference output and 
providing a sawtooth input to Ct (pin 5), or it may 
be used to drive the common circuits in synchronous 
multiple-rail power supplies. 



TL493C ... J OR N 
DUAL-IN-LINE PACKAGE (TOP VIEW) 



AMP 1 \ 



gndC 
ciC 





U, 6 




15 


3 


14 




13 


6 


12 


6 


11 


7 
8 


10 




TL494M ... J 
TL4941, TL494C ... J OR N 
DUAL-IN-LINE PACKAGE (TOP VIEW) 



ERROR /nONINV INPUTlV 

amp 1 1^ inv inputc 2 
feedback c 3 
dead-time control q 4 
ctCb 
RtLb 
gndC 7 
ciCs 



Uiep NONINV INPUTl ERROR 
16 3lNV INPUT J AMP 2 

uDref OUT 

13 DQUTPUT CONTROL 
12DVCC 
11 DC2 
10DE2 

9 Dei 



TL49BI. TL496C ... J OR N 
DUAL-IN-LINE PACKAGE (TOP VIEW] 



ERROR / NONINV INPUT Qt Ul8 

AMP 1 \ INV INPUT £2 17 

FEEDBACK [3 16 

DEAD-TIME CONTROL Q 4 IS 

crCs 

RlC6 13 

gndC 12 

CtCe n 

E1Q9 10 



] NONINV INPUtIeRROR 
3 INV INPUT J AMP 2 
]REF OUT 

UVz 

^OUTPUT CONTROL 
^STEERING INPUT 

UC2 

:e2 



DEVICE TYPES. SUFFIX VERSIONS, AND PACKAGES 





TL493 


TL494 


TL495 


TL49-M 




J 




TL49-I 




J,N 


J.N 


TL49-C 


J.N 


J,N 


J.N 



•These combinations ere not defined by this data sheet. 



FUNCTION TABLE 



INPUTS 


OUTPUT FUNCTION 


OUTPUT 
CONTROL 


STEERING 
INPUT 
(TL495 only) 


V| s 0.4 V 
V| & 2.4 V 
Vj & 2.4 V 
V| 2: 2.4 V 


Open 

Open 
V| s 0.4 V 
V| 2: 2.4 V 


Single-ended or parallel output 
Normal push-pull operation 
PWM Output at Q1 
PWM Output at Q2 
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TYPES TL493, TL494, TL495 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 



description (continued) 

The uncommitted output transistors provide either common -emitter or emitter-follower output capability. Each device 
provides for push-pult or single-ended output operation, which may be selected through the output-control function. 
The architecture of these devices prohibits the possibility of either output being pulsed twice during push-pull operation. 

The TL493 and TL494 are similar except that an additional error amplifier is included in the TL494 instead of a current- 
limiting amplifier. The TL495 provides the identical functions found in the TL494. In addition, it contains an on-chip 
39-volt zener diode for high-voltage applications where Vcc > s greater than 40 volts, and an output-steering control 
that overrides the internal control of the pulse-steering flip-flop. 

The TL494M is characterized for operation over the full military temperature range from - 55 °C to 1 25 °C. The TL494I 
and TL495I are characterized for operation from - 25 °C to 85 °C. TheTL493C, TL494C, and TL495C are characterized 
for operation from 0°C to 70°C. 

functional block diagram 



f STEERING INPUT ~] [~ OUTPUT CONTROL "! 

TL495 ONLY I I (SEE FUNCTION TABLE) 
I (SEE FUNCTION TABLE) | | 1 



RT- 
Ct- 



DEAD 
TIME - 



K^DEAl 
—0 \r 



DEAD-TIME CONTROL 
COMPARATOR 



ERROR AMPLIFIER 



| NONINVERTING 
INPUT 

INVERTING. 
INPUT 



f" ERROR AMPLIFIER ~* 



NONINVERTING . 
INPUT 



INVERTING > 
INPUT I 



I CURRENT^UMrT 
NONINVERTING ' AMPLIFIER 
INPUT 



INVERTING I 
INPUT I 



*0.08 V 




L TL493_ONLY_ j 




PWM 
^COMPARATOR 




PULSE-STEERING 
FLIP-FLOP 



!-©■ 



0.7 mA 



J TJL49B ONLY J 



REFERENCE 
REGULATOR 



-vcc 

-VREF 
-GND 



2-94 



Texas Instruments 

INCORPORATED 
POST OFFICE BOX 236012 • DALLAS. TEXAS 76265 



TYPES TL493. TL494. TL495 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 



absolute maximum ratings over operating free-air temperature range 
(unless otherwise noted) 





TL494M 


TL494I 
TL495I 


TL493C 
TL494C 
TL495C 


UNIT 


. 

Supply voltage, VcC (see Note 1 ) 


41 


41 


41 


V 


Amplifier input voltages 


Vcc+0.3 


Vcc + 0.3 


Vcc+0-3 


V 


Collector output voltage 


41 


41 


41 


V 


Collector output current 


250 


250 


250 


mA 


Continuous total dissipation at (or below) 
25 °C free-air temperature (see Note 2) 


1000 


1000 


1000 


mW 


Operating free-air temperaturo range 


-55 to 125 


-25 to 85 


to 70 


°C 


Storage temperature range 


-65 to 150 


-65 to 150 


-65 to 150 


°c 


Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 


300 


300 


300 


°c 


Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 




260 


260 


°c 



NOTES: 1. All vottago values, except differential voltages, are with lospect to the network ground terminal. 

2. For operation above 25 °C free-air temperaturo, refer to Dissipation Derating Table. In tho J package. TL494M chips are alloy-mounted; TL493C, 
TL494I, TL494C, TL4951, and TL495I chips are glass mounted. 



DISSIPATION DERATING TABLE 



PACKAGE 


POWER 
RATING 


DERATING 
FACTOR 


ABOVE 
T A 


J (Alloy-Mounted Chip) 
J (Glass-Mounted Chip) 
N 


1000 mW 
1000 mW 
1000 mW 


11.0 mW/°C 
8.2 mW/°C 
9.2 mW 


59 °C 
28 °C 
41 °C 



recommended operating conditions 





TL494M 


TL494I 
TL495I 


TL493C 
TL494C 
TL495C 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


Supply voltage. Vqq 


7 40 


7 40 


7 40 


V 


Amplifier input voltages, V| 


-0.3 VcC-2 


-0.3 V CC -2 


-0.3 V C C-2 


V 


Collector output voltage, Vq 


40 


40 


40 


V 


Collector output current (each transistor) 


200 


200 


200 


mA 


Current into feedback terminal 


0.3 


0.3 


0.3 


mA 


Timing capacitor, Cx 


0.47 10 000 


0.47 10 000 


0.47 10 000 


nF 


Timing resistor, Ry 


1 .8 500 


1.8 500 


1.8 500 


k0 


Oscillator frequency 


1 300 


1 300 


1 300 


kHz 


Operating free-air temperature, T/\ 


-55 125 


-25 85 


70 


°C 



Texas Instruments 

INCORPORATED 
POST OFFICE BOX 22501? • DALLAS. TEXAS 75265 



TYPES TL493, TL494, TL495 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 



electrical characteristics over recommended operating free-air temperature range, Vqq - 15 V. f = 10 kHz 
(unless otherwise noted) 



reference section 



PARAMETER 


TEST CONDITIONS 


TL494M 


TL493C 
TL494I. TL494C 
TL495I, TL495C 


UNIT 


MIN TYP* MAX 


MIN TYP* MAX 


Output voltage (V re f) 


Iq = 1 mA 


4.75 5 5.25 


4.75 5 5.25 


V 


Input regulation 


VcC = 7 V to 40 V 


2 25 


2 25 


mV 


Output regulation 


(O = 1 to 10 mA 


1 15 


1 15 


mV 


Output voltage change 
with temperature 


AT A = MIN to MAX 


0.2 1 


0.2 1 


% 


Short-circuit output current^ 


V fe , = 


10 35 50 


35 


mA 


oscillator section 


PARAMETER 


TEST CONDITIONS 


TL494M 


TL493C 
TL494I, TL494C 
TL495I, TL495C 


UNIT 


MIN TYP* MAX 


MIN TYP 1 MAX 


Frequency 


Cj = 0.01 /iF, R T = 12 kll 


10 


10 


kHz 


Standard deviation of frequency* 


All values of Vcc- Cf, Ry. T^ constant 


10 


10 


% 


Frequency change with voltage 


Vcc = 7 V to 40 V, T A = 25°C 


0.1 


0.1 


% 


Frequency change with temperature 


Cj = 0.01 /t F. R T = 12 Ml, 
AT A = MIN to MAX 


4 


2 


% 


amplifier sections (see figure 1) 


PARAMETER 


TEST CONDITIONS 


MIN TYP 1 MAX 


UNIT 


Input offset voltage 


Error 


V (pin 3) = 2-5 V 


2 10 


mV 


current-limit 
(TL493 only) 


80 


Input offset current 


V (pin 3) = 2.5 V 


25 250 


nA 


Input bias current 


VO (pin 3) = 2 5 V 


0.2 1 


MA 


Common-mode input 
voltage range 


Error 


VcC ■ 7 V to 40 V 


-0.3 
to 

V CC "2 


V 


Current-limit 
(TL493 only) 


-0.3 
to 

3 


Open-loop voltage 
amplification 


Error 


AVq =■ 3 V, Vo = 0.5 V to 3.5 V 


70 95 


dB 


Current-limit 
(TL493 only) 


90 


Unity-gain bandwidth 




800 


kHz 


Common-mode 
rejection ratio 


Error 




65 80 


dB 


Current-limit 
(TL493 only) 


V C C = 40 V. T A = 25°C 


70 


Output sink current (pin 3) 


V| D = - 1 5 mV to - 5 V, V (pin 3) = 0.5 V 


0.3 0.7 


mA 


Output source current (pin 3) 


V| D = 15 mV to 5 V. V, Din 3) = 3.5 V 


-2 


mA 



*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
*AII typical values except for parameter changes with temperature are at = 25 °C. 

^Duration of the short-circuit should not exceed one second. / - 
^Standard deviation is o measure of the statistical distribution about the mean as derived from the formulo o -■ \J 
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TYPES TL493, TL494, TL49S 
PULSE WIDTH MODULATION CONTROL CIRCUITS 



electrical characteristics over recommended operating free-air temperature range, Vcc = 15 V, f = 10 kHz 
(unless otherwise noted) 



output section 



PARAMETER 


TEST CONDITIONS 


TL494M 


TL493C 
TL494I, TL494C 
TL495I. TL495C 


UNIT 


MIN TYP* MAX 


MIN TYP* MAX 


Collector off-state current 


Vce = 40 V, Vcc = 40 V 


2 100 


2 100 


,tA 


Emitter off-state current 


V CC = Vc = 40 V, V E = 


-150 


- 100 




Co I tec tor- emitter 
saturation voltage 


Common-emitter 


Ve =0. Ic = 200 mA 


1.1 1.5 


1.1 1.3 


V 


Emitter-follower 


Vc = 15 V, l E = -200 mA 


1.5 2.5 


1.5 2.5 


Output control input current 


V| = v ftff 


3.5 


3.5 


mA 


dead-time control-section (see figure 2] 


PARAMETER 


TEST CONDITIONS 


MIN TYP J MAX 


UNIT 


Input bias current (pin 4| 


V| = to 5.25 V 


-2 - 10 


;iA 


Maximum duty cycle, each output 


V| (pin 4) = 


45 


% 


Input threshold voltage (pin 4) 


Zero duty cycle 


3 3.3 


V 


Maximum duty cycle 





pwm comparator section (see figure 21 


PARAMETER 


TEST CONDITIONS 


MIN TYP* MAX 


UNIT 


Input threshold voltage {pin 3) 


Zero duty cycle 


4 4.5 


V 


input sink current (pin 3) 


V(pin 3) = 0.7 V 


0.3 0.7 


mA 


steering control (TL495 only) 


PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


Input current 


V| = 0.4 V 


-200 


J'A 


V| = 2.4 V 


200 


zener-diode circuit (TL495 only) 


PARAMETER 


TEST CONDITIONS 


MIN TYP* MAX 


UNIT 


Breakdown voltage 


Vcc = 41 V, \z = 2 mA 


39 


V 


Sink current 


v l(pin 15) = 1 v 


0.3 


mA 


total device 


PARAMETER 


TEST CONDITIONS 


MIN TYP* MAX 


UNIT 


Standby supply current 


Pin 6 at V re f, 

All other inputs and outputs open 


V CC = 1 5V 


6 10 


mA 


V C C = 40 V 


9 15 


Average supply current 


V( p j n 4) = 2 V, See Figures 1 


7.5 


mA 


switching characteristics, T/\ = 25 °C 


PARAMETER 


TEST CONDITIONS 


MIN TYP* MAX 


UNIT 


Output voltage rise time 


Common-emitter configuration. 
See Figure 3 


1 00 200 


ns 


Output voltage fall time 


25 100 


ns 


Output voltage rise time 


Emitter-follower configuration, 
See Figure 4 


1 00 200 


ns 


Output voltage fall time 


40 100 


ns 



1 All typical values except for temperature coefficients are at '< ,., = 25°C. 
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TYPES TL493, TL494, TL495 

PULSE-WIDTH MODULATION CONTROL CIRCUITS 



PARAMETER MEASUREMENT INFORMATION 




FIGURE 1 - AMPLIFIER CHARACTERISTICS 
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TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 2 - DEAD-TIME AND FEEDBACK CONTROL 
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TYPES TL493, TL494, TL495 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 



PARAMETER MEASUREMENT INFORMATION 



15 V 



r 




J 



TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM 

FIGURE 3— COMMON'EMITTER CONFIGURATION 



2 



15V 



r 1 




(includes probe and 
jig capacitance) 




TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM 

FIGURE 4— EMITTER-FOLLOWER CONFIGURATION 
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TYPES TL493, TL494, TL49S 

PULSE WIDTH MODULATION CONTROL CIRCUITS 



TYPICAL CHARACTERISTICS 



OSCILLATOR FREQUENCY and 
FREQUENCY VARIATION* vs 
TIMING RESISTANCE 




Rj -Timing Resistance-!} 

FIGURE 5 

AMPLIFIER VOLTAGE AMPLIFICATION 

vs 

FREQUENCY 



E 
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FIGURE 6 

'Frequency variation (AO is the change in oscillator frequency that occurs over the full temperature range. 
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TYPE TL496C 
9-VOLT POWER-SUPPLY CONTROLLER 

D2486, AUGUST 1978-REVISED DECEMBER 1982 



• Internal Step-Up Switching Regulator 

• Fixed 9-Volt Output 

• Charges Battery Source During 
Transf ormer-Coupled-l nput Operation 

• Minimum External Components Required 
(1 Inductor, 1 Capacitor, 1 Diode) 

• 1- or 2-Cell-lnput Operation 



jgorp 
dual-in-line package 

(TOP VIEW) 



FEEDBACK C 



INPUT 




1 VJ 8 □ OUTPUT 



]GND 

Dsw 
3gnd 



Pins 5 and 7 are connected together internally. 



description 

The TL496 power supply control circuit is designed to provide a 9-volt regulated supply from a variety of input 
sources. Operable from a 1- or 2-cel I -battery input, the TL4S6 performs as a switching regulator with the addition of a 
single inductor and filter capacitor. When ac coupled with a step-down transformer, the TL496 operates as a series 
regulator to maintain the regulated output voltage and, with the addition of a single catch diode, time shares to 
recharge the input batteries. 

The design of the TL496 allows minimal supply current drain during stand-by operation (125 juA typical). With most 
battery sources this allows a constant bias to be maintained on the power supply. This makes power instantly available 
to the system thus eliminating power-up sequencing problems. 

functional block diagram 



T INPUT 



(3-V) (2) 
2C INPUT - 



O-S-V) (3) 
1C INPUT 




OUTPUT 



FEEDBACK 



SWITCH 



GND 



GND 



NOTE 1 : Pins 5 and 7, though connoctod together intornelly, must both be terminated to ground to ensure proper circuit operation. 
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TYPE TL496C 

9-VOLT POWER-SUPPLY CONTROLLER 



absolute maximum ratings 



Input voltage: 

Pin 2 3.5 V 

Pin 3 2.5 V, 

Pin 4 20 V 

Output voltage (Pin 6) 12 V 

Diode reverse voltage (Pin 8) 12 V 

Switch current (Pin 6) 1.2 A 

Diode current (Pin 8) 1.2 A 

Operating free-air temperature range 0°C to 70° C 

Storage temperature range -65°Cto 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260°C 



electrical characteristics at 25° C free-air temperature 



series regulator section (input is pin 4) 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


Dropout voltage 


V| -5 V. Iq a -50 mA 


1.5 2 


V 


Regulated output voltage 


V| -20 V 


l - -SO nA 


9.5 10.1 11.2 


V 


Iq » -80 mA 


9.0 10.0 11.0 


V|-20V, 

Pin 1 shorted to pin 8 


lO a -50 ttA 


8.5 9.0 9-7 


Iq " -80 mA 


6.7 &6 9.5 


Standby current (pin 4) 


V|«20V, Pin 8 at 12 V 


400 


ma 


Reverse current thru pin 4 


V| = -1.5V. 1 mA into Pin 8 


-25 


MA 


output switch 


PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


v CE(satl Collector-emitter saturation voltage 


800 mA into Pin 6, Pin 2 at 2.25 V 


0.3S 0.6 


V 


diode (pin 6 to pin 8) 


PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


Vp Forward voltage 


l F - 1.5 A 


1.6 2.5 


V 


1 f=| Reverie current thru pin 6 


Pin 8 at V, 1 mA into Pin 8 


-20 


PA 


control section 


PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


On-state current (pin 2) 


Pins 1 and 8 at V, Pin 2 at 3 V 


60 100 


mA 


Standby current (pin 1) 


Pin 1 at 8.65 V, Pins 2 and 6 at 3 V 


40 


mA 


Standby current (pin 2 and 6) 


Pin 1 at 8.85 V, Pins 2 and 6 at 3 V 


400 


M 


Start-up current (current into 
pin 6 to initiate cycle) 


Pins 1.2, 6 and 8 at 2.25 V 


16 


mA 
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TYPE TL496C 
9-VOLT POWER-SUPPLY CONTROLLER 



TYPICAL APPLICATION DATA 




CIRCUIT COMPONENT INFORMATION 
Dl: 1N4001 

Cfr 330 to 470 W F, 10 V,<?l«uol V tic 
L 40 ToSOwM.O * 3.R < 0.151! 
T1 : V wc - G.B V RMS iypt, H„ q - 1 1 11 typ. 

OUTPUT 



FIGURE 1— ONE-CELL OPERATION 



i 

J 



-©- 



■<£>- 



CIRCUIT COMPONENT INFORMATION 
01: 1N4001 

Cp; 330 to 470 jjF, 10 V elflcrmlytic 

L *oto50MH.o * 3 t R <aisn 

T1: V lirc - 6.8 V RMS iyp,, R w - 1 1 ti typ> 





1C sw 


2C 


OUTPUT 




TL4W 


T 


FEEDBACK 




GND GNO 



OUTPUT 



■GNO 



FIGURE 2-TWO CELL OPERATION 

recommended operating conditions 





MIN MAX 


UNIT 


Input voltage, one-cell operation (pins 2 and 3 to ground) 


1.1 1.5 


V 


Input voltage, two-cell operation (pin 2 to ground) 


2.3 3 


V 


Input voltage, one-cell or two-cell operation (pin 4 to ground) 


V +2 20 


V 



typical electrical characteristics for circuits above 



PARAMETER 


ONE-CELL OPERATION (FIGURE 1) 


TWO-CELL OPERATION (FIGURE 2) 


Input current 


No load 


125 uA 


125 uA 


Rl - 120 n 


525 mA 


405 mA 


Output voltage 


Without TI 


7.2 V 


8.6 V 


With TI 


8.6 V 


10 V 


Output current capability 


40 mA 


80 mA 


Efficiency 


66% 


66% 


Battery life (AA NiCad) no load 


60 days 


166 days 
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TYPE TL496C 

9-VOLT POWER-SUPPLY CONTROLLER 



functional description 

The TL496 is designed to operate from either a single-cell or two-cell source. To operate the device from a single cell 
(1.1 V to 1.5 V) the source must be connected to both inputs 1C and 2C as shown in Figure 1. For two-cell operation 
(2.3 V to 3.0 V), the input is applied to the 2C input only and the 1C input is left open (see Figure 2). 

battery operation 

The TL496 operates as a switching regulator from a battery input. The cycle is initiated when a low voltage condition is 
sensed by the internal feedback (the thresholds at pin 1 and pin 8 are approximately 7.2 and 8.6 volts respectively}. An 
internal latch is set and the output transistor is turned "on." This causes the current in the external inductor (L) to 
increase linearly until it reaches a peak value of approximately 1 ampere. When the peak current is sensed the internal 
latch is reset and the output transistor is turned "off." The energy developed in the inductor is then delivered to the 
output storage capacitor through the blocking diode. The latch remains in the off state until the feedback signal 
indicates the output voltage is again deficient. 

transformer-coupled operation 

The TL496 operates on alternate half cycles of the ac input during transformer-coupled operation to, first, sustain the 
output voltage and, second, recharge the batteries. The TL496 performs like a series regulator to supply charge to the 
output filter/storage capacitor during the first half cycle. The output voltage of the series regulator is slightly higher 
voltage than that created by the switching circuit; this maintains the feedback voltage above the switching regulator 
control circuit threshold. This effectively inhibits the switching control circuitry. During the second half cycle an 
external diode (1 N4001 ) is used to clamp the negative going end of the transformer secondary to ground thus allowing 
the positive-going end (end connected to V+ side of battery) to pump charge into the stand-by batteries. 
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TYPES TL497AM, TL497AI, TL497AC 
SWITCHING VOLTAGE REGULATORS 

D2225, JUNE 1976— REVISED JANUARY 1983 



• All Monolithic 

• High Efficiency . . . 60% or Greater 

• Output Current . . . 500 mA 

• Input Current Limit Protection 

• TTL Compatible Inhibit 

• Adjustable Output Voltage 

• Input Regulation . . . 0.2% Typ 

• Output Regulation . . . 0.4% Typ 

• Soft Start-up Capability 
description 

The TL497A incorporates on a single monolithic chip 
all the active functions required in the construction 
of a switching voltage regulator. It can also be used as 
the control element to drive external components for 
high-power-output applications. The TL497A was 
designed for ease of use in step-up, step-down, or 
voltage inversion applications requiring high 
efficiency. 



TL497AM J 

TL497AI, TL497AC J OR N 

DUAL-IN-LINE PACKAGE (TOP VIEW) 




"tinirLi 



COM INHIBIT FflEO SUB GND CATH ANODE 
PARATOR CON STRATE ODE 

INPUT TOOL 



NC-No internal connection 



A block diagram of the TL497A is shown in the above pinout. The TL497A is a fixed-on-time variable-frequency 
switching voltage regulator control circuit. The on time is programmed by a single external capacitor connected 
between the frequency control pin and ground. This capacitor, Cj, is charged by an internal constant-current generator 
to a predetermined threshold. The charging current and the threshold vary proportionally with VqC- tnus the on t,me 
remains constant over the specified range of input voltage (5 to 12 volts). Typical on times for various values of Cj are 
as follows: 



TIMING CAPACITOR, Ct (pF) 


200 


250 


350 


400 


500 


750 


1000 


1500 


2000 


ON-TIME (jus) 


19 


22 


26 


32 


44 


56 


80 


120 


180 



The output voltage is controlled by an external resistor ladder network (R1 and R2 in Figures 1, 2, and 3) that provides 
a feedback voltage to the comparator input. This feedback voltage is compared to the reference voltage of 1.2 volts 
(relative to the substrate pin) by the high-gain comparator. When the output voltage decays below the value required to 
maintain 1.2 V at the comparator input, the comparator enables the oscillator circuit, which charges and discharges Ct 
as described above. The internal pass transistor is driven on during the charging of Ct. The internal transistor may be 
used directly for switching currents up to 500 milliamperes. Its collector and emitter are uncommitted and it is current 
driven to allow operation from the positive supply voltage or ground. An internal Schcttky diode matched to the 
current characteristics of the internal transistor is also available for blocking or commutating purposes. The TL497A 
also has on-chip current-limit circuitry that senses the peak currents in the switching regulator and protects the inductor 
against saturation and the pass transistor against overstress. The current limit is adjustable and is programmed by a 
single sense resistor, Rct» connected between pin 14 and pin 13, The current-limit circuitry is activated when 0.7 vott 
is developed across RcL- External gating is provided by the inhibit input. When the inhibit input is high, the output is 
turned off. 

Simplicity of design is a primary feature of the TL497A. With only six external components (three resistors, two 
capacitors, and one inductor), the TL497A will operate in numerous voltage conversion applications (step-up, step- 
down, invert) with as much as 85% of the source power delivered to the load. The TL497A replaces the TL497 in all 
applications. 

The TL497AM is characterized for operation over the full military temperature range of -55°C to 1 25°C, the TL497AI 
is characterized for operation from — 25°C to 85°C, and the TL497AC from 0°C to 70°C. 
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TYPES TL497AM, TL497AI. TL497AC 
SWITCHING VOLTAGE REGULATORS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



Input voltage, Vcc (see Note 1) 15 V 

Output voltage 35 V 

Comparator input voltage 5 V 

Inhibit input voltage 5 V 

Diode reverse voltage 35 V 

Power switch current 750 mA 

Diode forward current 750mA 

Continuous total dissipation at (or below) 25° C free-air temperature (see Note 2) 1 000 mW 

Operating free-air temperature range: TL497AM -55°C to 125°C 

TL497AI -25°Cto85°C 

TL497AC 0°Cto70°C 

Storage temperature range -65° C to 150°C 

Lead temperature 1,6 mm (1/16 inch} from case for 60 seconds: J package 300°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 260°C 



NOTES: 1 . At) voltage values except diode voltages ara with respect to network ground terminal. 

2. Above 28*C free-air temperature, derate the N package at the rate of 9.2 mW/° C. Above 41 • C free-air temperature, derate the J glass- mounted 
package at the rate of 8.2 mW/' C. Above 59° C Iree-air temperature, derate the J alloy-mounted package at the rate of 1 1 .0 mW/'C, In the J package, 
TL497 AM chips are alloy-mounted; TL497AC chips are glass- mounted. 



recommended operating conditions 



MIIM MAX UNIT 

Input voltage, V| 4.5 12 V 

Output voltage: step-up configuration (see Figure 1 ( V[+2 30 V 

step-down configuration (see Figure 2) V re f V| - 1 V 

inverting regulator (see Figure 3) -V re f -25 V 

Power switch current 500 mA 

Diode forward current 500 mA 



electrical characteristics at specified free-air temperature, V| = 6 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


TL497AM, TL497AI 


TL497AC 


UNIT 


MIN TYP 1 MAX 


MIN TYP? MAX 


High-level inhibit input voltage 




25" C 


2.5 


2.5 


V 


Lowleval inhibit input voltage 




25 C 


0.8 


0.8 


V 


High-level inhibit input current 


vim-sv 


Full range 


08 1.5 


0.8 1.5 


mA 


Low-level inhibit input current 


Vitn-ov 


Full range 


5 20 


5 10 


uA 


Comparator reference voltage 


V, = 4 b V to 6 V 


Full range 


1.14 1.20 1.26 


1.08 1.20 1.32 


V 


Comparator input bias current 


V| - 6 V 


Full range 


40 100 


40 100 


MA 


Switch on-state voltage 


V| -4.5 V 


lO - 100 mA 


25 C 


0.13 0.2. 


0.13 0.2 


V 


Iq B 500 mA 


Full range 


1 


0.85 


Switch off-state current 


V|-4.5V, V -30V 


25" C 


10 50 


10 50 


„A 


Full range 


500 


200 


Current-limit sense voltage 


V, = 6 V 


25 C 


0.45 1 


0.45 1 


V 


Diode forward voltage 


lO - 10mA 


Full range 


0.75 0.95 


0.75 0.85 


V 


lO - 100 mA 


Full range 


0.9 1.1 


0.9 1 


lO = 500 mA 


Full range 


1.33 1.75 


1.33 1.55 


Diode reverse voltage 


lO > 500 mA 


Full range 


30 




V 


Iq = 200 mA 


Full range 




30 


On-staie supply current 




25 C 


11 14 


11 14 


mA 


Full range 


16 


15 


Off-state supply current 




25 C 


6 9 


6 9 


mA 


Full range 


11 


10 



T Full rang© for TL497AM is -55°C to 125°C r for TL497AI is -25° C to S5°C, and for TL497AC is 0°C to 70°C. 
t All typical values are at ■ 25°C. 
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TYPES TL497AM, TL497AI, TL497AC, 
SWITCHING VOLTAGE REGULATORS 



TYPICAL APPLICATION DATA 



» « » ■ ? 



BASIC CONFIGURATION 
(lp K < 500 cnA) 



v,o- 



a > 4 > 



3: 



DESIGN EQUATIONS 
• IPK = 2I 



Choose L (50 to 500 txH), calculate 
ton (25 to 150 ^s) 

• Or(pF)** 12ton<M$) 

• R1 » (Vo - 1.2) kfl 
0.5 V 



R C L=- 



IPK 



• CF(*tF)*t on 



Vripple (PK) 



EXTENDED POWER CONFIGURATION 
(USING EXTERNAL TRANSISTOR) 

FIGURE 1-POSITIVE REGULATOR, STEP-UP CONFIGURATIONS 



1 1 I * * « T 



BASIC CONFIGURATION 
lp K < 500 mA) 



I 2 1 • % * 7 



I | f\ | H- 



DESIGN EQUATIONS 

• lpK«2lomax 

V| - V 

• L(uH) = ton(Ms) 

'PK 

Choose L (50 to 500 uH), calculate 
ton (10 to 150 us) 

• CT(pF)^l2to n 0is) 

• R1 =(Vo- 1.2) kfl 
0.5 V 



RCL = 



'PK 



• Cf (MF)*t on 



lv pK+l °] 



Vripple (PK) 



EXTENDED POWER CONFIGURATION 
(USING EXTERNAL TRANSISTOR) 



FIGURE 2-POSITIVE REGULATOR, STEP-DOWN CONFIGURATIONS 
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TYPES TL497AM, TL497AI, TL497AC 
SWITCHING VOLTAGE REGULATORS 



TYPICAL APPLICATION DATA 

• IPK = 2 



BASIC CONFIGURATION 
tl PK < 500 mA) 



Iffi 



, max — j 



IPK 



Choose L (50 to 500 juH>, calculate 
t on (25 to 150 

• CT<pF)*12t on ais> 

• R2*(Vo-1.2)kn 

0.5 V 

• Rcl= - — 

IPK 



• Cf foH* 



[To '"H 

Vripple (PK) 



EXTENDED POWER CONFIGURATION 
(USING EXTERNAL TRANSISTOR) 



* Use external catch-diode, e.g., 1 N4001 , when building an 
inverting supply with the TL497A. 



FIGURE 3— INVERTING APPLICATIONS 



vi O- 



REQ 1-,^ 



EXTENDED INPUT CONFIGURATION WITHOUT CURRENT LIMIT 




DESIGN EQUATIONS 
VBE(Q1) 



RCL = 



■limit (PK) 

>B(Q2) 
RZ^tVreg-l) 10 kn 



R1 



CURRENT LIMIT FOR EXTENDED INPUT CONFIGURATION 

FIGURE 4— EXTENDED INPUT VOLTAGE RANGE (V| > 15 V) 



2-108 



Texas Instruments 

INCORPORATED 

POST OFFICE BOX 225012 • OALLAS. TEXAS 75265 



LINEAR 

INTEGRATED CIRCUITS 



TYPE TLC498 

PULSE-WIDTH-MODULATION CONTROL CIRCUITS 



D2711, JANUARY 1983 



• Completely Latched PWM Control Circuitry 

• Totem-Pole Outputs for 200-mA 
Sink or Source Current 

Internal Circuitry Prohibits Double 
Pulse at Either Output 

Circuit Architecture Provides 
Easy Synchronization 

Low Bias Current 



• Soft-Start and Dead-Time Control 

• Under-Voltage Lockout Control for 
Low Vqc Conditions 

• Internal Precision Reference 
Trimmed to 1 % 

• Feed-Forward Line Regulation Over 
4-to~1 Input Range 

• 20 kHz to 1 MHz Operation 



description 



The TLC498 incorporates on a single monolithic chip all the functions required for the construction of a pulse-width- 
modulatlon control circuit Designed primarily for power supply control, the TLC498 contains an error amplifier, adjustable 
oscitlator with line controlled ramp generator, latched PWM comparator with pulse-steering flip-flop, latched shut- 
down circuitry, on-chip 5.1 -volt 1% precision reference regulator, soft-start control, and an undervoltage lockout. 

The architecture of the TLC498 prohibits the possibility of either output being pulsed twice during push-pull operation. 
The internal error amplifier exhibits a common-mode voltage range from -0.3 volts to Vqc - 2 volts. 

The dual totem-pole output buffers provide a convenient drive for either power FET's or Bipolar transistors. Power 
and ground to the output buffers are isolated from the rest of the chip, enhancing noise immunity and providing single- 
ended output capability. The under-voltage lockout control circuitry senses low voltage conditions and locks the outputs 
off until the internal circuitry is operational. 

The TLC498 is characterized for operation from 0°C to 70 °C. 



functional block diagram 




PRODUCT PREVIEW Copyright © 1983 by Toxas Instruments Incorporated 



This document contsins information 
on ■ product under development. Texas 
Instruments reserves the right to chengo or 
discontinue this product without notice. 
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I LINEAR 

INTEGRATED CIRCUITS 



TYPES TL580C 

MICROPOWER DUAL SWITCHING REGULATOR 



D2723, MARCH 1983 



High Efficiency . . 
Low Bias Current ( 



80% Typ 
. . 140 t iA 



Two Channels, Each with Output Voltage Adjustment 
Channel A: Output Voltage 2.5 V to 24 V 

Output Current 100 mA 
Channel B: Output Voltage 2.5 V to 24 V 

Output Current 1.8 mA 

Special Multifunctional Operation-Select Pin 



JG OR P 

DUAL-IN-LINE PACKAGE 
(TOP VIEW) 

INPUT bH \ KJ ah OUTPUT B 
Cy C ^ 7 3 INPUT A 

output a c 3 6 u sync b 
gndO s^vcc 



description 

The TL580 is a monolithic, micropower, dual-switching regulator designed for use in battery applications. The output 
voltage of each channel is adjustable. Floating the special pin, SYNC B, causes Channel B to be synchronized to the 
oscillator in the same manner as Channel A. Shorting SYNC B to ground blocks the oscillator from Channel B, then 
Channel B becomes a single-input comparator for low-battery indicator detection. 

Both Channel A and Channel B are referenced to a band-gap generator. An external capacitor on the Ct input (Pin 2) 
sets the oscillator frequency between 100 hertz and 160 kilohertz. 

The TL580C can attain up to 80-percent efficiency while operating over a supply voltage range of 2.4 volts to 30 volts 
at an ultralow bias current of 140 microamperes. 

The TL580C is characterized for operation from 0°C to 70 °C. 



functional block diagram (positive logic) 



1.31 V 



i 




3>- 
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LINEAR 

INTEGRATED 

CIRCUITS 



TYPFS TLR93. TLR94, TL595 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 

D2712, APRIL 1983 



• Complete PWM Power Control Circuitry 

• Uncommitted Outputs for 200-mA Sink or 
Source Current 

• Output Control Selects Single-Ended or 
Push-Pull Operation 

• Internal Circuitry Prohibits Double Pulse at 
Either Output 

• Variable Dead-Time Provides Control Over 
Total Range 

• Internal Regulator Provides a Stable 5-V 
Reference Supply Trimmed to 1% 

• Circuit Architecture allows Easy 
Synchronization 

• Under-Voltage Lockout for Low VfjC 
Conditions 

• TL593 has Output Current-Limit Sensing 

• TL595 has On-Chip 39-V Zener and External 
Control of Output Steering 

• Improved Direct Replacements for TL493, 
TL494, and TL495 

description 

The TL593, TL594, and TL595 devices, each 
incorporate on a single monolithic chip all the functions 
required in the construction of a pulse-width- 
modulation control circuit. Designed primarily for 
power supply control, these devices offer the systems 
engineer the flexibility to tailor the power supply 
control circuitry to his application. The TL593, TL594, 
and TL595 are improved direct replacements for the 
TL493, TL494, and TL495. 

The TL593 contains an error amplifier, current-limiting 
amplifier, an on-chip adjustable oscillator, a dead-time 
control comparator, pulse-steering control flip-flop, 
5-volt regulator with a precision of 1%, an under- 
voltage lockout control circuit, and output control 
circuitry. 

The error amplifier exhibits a common-mode voltage 
range from - 0.3 volts to Vqq - 2 volts. The current- 
limit amplifier exhibits a common-mode voltage range 
from -0.3 volts to VqC ~6 volts with an offset 
voltage of approximately 80 millivolts in series with 
the inverting input to ease circuit design requirements. 
The dead-time control comparator has a fixed offset 
that provides approximately 5% dead time when 
externally altered. The on-chip oscillator may be 
bypassed by terminating Rt (pin 6) to the reference 
output and providing a sawtooth input to Cj 
(pin 51, or it may be used to drive the common circuitry 
in synchronous multiple-rail power supplies. 



TL593M ... J 
TL593I, TL593C ... J OR N 
DUAL-IN-LINE PACKAGE (TOP VIEW) 

^NONINV INPUT \ CURRENT 
3lNV INPUT J LIMIT AMP 



ERROR f NON1NV INPUTpTXJili 
AMP 1 *^ INV INPUTQ? 



feedback^ 
dead-time control^ 
CtC 
RtLT 
gndC 
cC 



8 



]]REF OUT 
^OUTPUT CONTROL 
D V CC 

:e2 

Dei 



TL594M ... J 
TL594I. TL594C ... J OR N 
DUAL-IN-LINE PACKAGE ITOP VIEW) 



ERROR J NONINV INPUTC 
AMP 1 *| INV INPUTd 
FEEDBACK^ 
DEAD TIME CONTROLC 

ct: 

RtC 
gndC 
ciC 



1 


LV 


2 


15 


3 


14 


4 


13 


5 


12 


6 


11 


7 


10 


8 


9 



^NONINV INPUT J ERROR 
DlNV INPUT J AMP 2 
]REF OUT 
JOUTPUT CONTROL 
I]VCC 

:e2 
:ei 



TL5951, TL595C ... J OR N 
DUAL-IN-LINE PACKAGE (TOP VIEW) 



error/noninv input: 


1 UlB 


^NONINV INPUT\err0R 


AMP 1 \ INV INPUTC 


2 17 


^INV INPUT / AMP 2 


feedback: 


3 16 


^REF OUT 


DEAD-TIME CONTROL £ 


4 15 




CtC 


5 14 


^OUTPUT CONTROL 




6 13 


H STEERING INPUT 


gndC 


7 12 


Iivcc 


ct: 


8 11 


DC2 


EC 


9 10 


:e2 



DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES 





TL593 


TL594 


TL595 


TL59-M 


J 


J 




TL59-I 


J.N 


J,N 


J,N 


TL59-C 


J,N 


J.N 


J,N 



"These combinations are not defined by this data sheet. 



FUNCTION TABLE 



INPUTS 


OUTPUT FUNCTION 


OUTPUT 
CONTROL 


STEERING 
INPUT 
(TL595 only) 


V| < 0.4 V 
V| > 2.4 V 
V| > 2.4 V 
V| > 2.4 V 


Open 

Open 
V| < 0.4 V 
V| < 2.4 V 


Single ended or parallel output 
Normal push-pull operation 
PWM Output at Ql 
PWM Output at Q2 
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TYPES TL593, TL594, TL595 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 



description (continued) 

The uncommitted output transistors provide either common-emitter or emitter-follower output capability. Each device 
provides for push-pull or single-ended output operation with selection by means of the output-control function. The 
architecture of these devices prohibits the possibility of either output being pulsed twice during push-pull operation. 
The under-voltage lockout control circuit locks the outputs off until the internal circuitry is operational. 

The TL593 and TL594 are similar except that an additional error amplifier is included in the TL594 instead of a current- 
limiting amplifier. The TL595 provides the identical functions found in the TL594. In addition, the TL595 also contains 
an on-chip 39-volt zener diode for high-voltage applications where VqC is greater than 40 volts, and an output steering 
control that overrides the internal control of the pulse-steering flip-flop. 

The TL593M and TL594M are characterized for operation over the full military temperature range from -55°C to 
125°C. The TL593I, TL594I, and TL595I are characterized for operation from - 25 °C to 85 °C. The TL593C, TL594C, 
and TL595C are characterized for operation from 0°C to 70°C. 



functional block diagram 



I 1 

STEERING INPUT 
TL595 ONLY 



I (SEE FUNCTION TABLE) j 



OUTPUT CONTROL 
(SEE FUNCTION TABLE) 



RT- 

Ct- 



□ EAD 
TIME - 



^ DEAD TIME CONTROL 
.COMPARATOR 



ERROR AMPLIFIER 



NONINVERTING 
INPUT 

INVERTING. 
INPUT 



NONINVERTING J_ 
INPUT | 



ERROR AMPLIFIER 



INVERTING 
INPUT 



IPLIFfER ~j 



NONINVERTING 
INPUT 



I 

1__TL_594 AN0_TL59_5 _^ 

T ~C URREN T~Um iT 
I AMPLIFIER 




PWM 
"COMPARATOR 



!'KL> 




REFEflENCs 






REGULATOR 







UNDLU VOLTAGI 
rs. LOCKOUT 
^-w CONTROL 



[ TL&95 ONLY J 
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TYPES TL593, TL594, TL595 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 





TL593M 
TL594M 


TL593I 

Tl GOAI 

TL595I 


TL693C 

Tl RQAr 

TLB9BC 


MM IT 

unit 


Supply voltage, Vcc (866 Note 10 


41 


41 


41 


y 


Amplifier Input voltages 


Vrr + 0.3 


Vrr + 0.3 


Vrr +0.3 


V 


Collector output voltage 


41 


41 


41 


V 


Collector output current 


250 


250 


250 


mA 


Continuous tots) dissipation at (or below) 
25 °C free-air temperature (see Note 2) 


1000 


1000 


1000 


mW 


Operating free-air temperature range 


-65 to 125 


-25 to 85 


to 70 


°C 


Storage temperature range 


-65 to 150 


-65 to 150 


-65 to ISO 


°C 


Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 


300 


300 


300 


°C 


Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 




260 


260 


°C 



NOTES: 1 . At) vottsge values, except differential voltages, are with respect to the network ground terminal. 

2. For operation above 25°C froo-eir temperature, refer to Dissipation Derating Toblo. In the J package, the TLB93M ond TL594M chips are alloy 
mounted; TL693I, TLB93C, TL594I, TL594C, TL695I, and TL696C chips are glass mounted. 



DISSIPATION DERATING TABLE 



PACKAGE 


POWER 
RATING 


DERATING 
FACTOR 


ABOVE 
T A 


J (Alloy-Mounted Chip) 


1000 mW 


11.0 mW/°C 


59 °C 


J (Glass-Mounted Chip) 


1000 mW 


8.2 mW/°C 


28 °C 


N 


1000 mW 


9.2 mW 


41 °C 



recommended operating conditions 





TL693M 
TL694M 


TL693I 
TL594I 
TL595I 


TL593C 
TLS94C 
TL696C 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


Supply voltage, Vr,c 


7 40 


7 40 


7 40 


V 


Amplifier input voltages, Vj 


-0.3 Vcc-2 


-0.3 Vcc-2 


-0.3 Vcc-2 


V 


Collector output voltage, Vo 


40 


40 


40 


V 


Collector output current (each transistor) 


200 


200 


200 


mA 


Current into feedback terminal 


0.3 


0.3 


0.3 


mA 


Timing capacitor, Cj 


0.47 10 000 


0.47 10 000 


0.47 10 000 


nF 


Timing resistor, Rt 


1.8 500 


1.8 600 


1.8 500 


k(l 


Oscillator frequency 


1 300 


1 300 


1 300 


kHz 


Operating free-air temperature, Ta 


-55 125 


-26 85 


70 


°C 
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TYPES TL593, TL594, TL595 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 



electrical characteristics over recommended operating free-air temperature range, Vqc = 15 V, f = 10 kHz 
(unless otherwise noted) 



reference section 



PARAMETER 




TEST CONDITIONS* 




TL593M 
TL594M 


TL693I. TL593C 
TL594I. TLB94C 
TL596I, TL595C 


UNIT 










MIN 


TYP* 


MAX 


MIN 


TYP* 


MAX 




Output voltage (V re f) 


'0° 


1 mA, Ta ° 


25°C 


4.95 


5 


5.05 


4.95 


5 


5.05 


V 


Input regulation 


v C c 


= 7 V to 40 V, T A = 


25°C 




2 


25 




2 


25 


mV 


Output regulation 


10 = 


1 to 10 mA, Ta ° 


25 °C 




14 


35 




14 


35 


mV 


Output voltage change 
with temperature 


AT A 


= MIN to MAX 






0.2 


1 




0.2 


1 


% 


Short-circuit output current* 


Vref 


« 




10 


35 


60 


10 


35 


50 


mA 



oscillator section, Ct = 0.01 pJF, Rj = 12 kQ (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS t 


TL693M 
TL594M 


TL593I, TL593C 
TL594J, TL594C 
TL595I. TL595C 


UNIT 


MIN TYP* MAX 


MIN TYP* MAX 


Frequency 




10 


10 


kHz 


Standard deviation of frequency t 


All values of Vcc« ^T* Rt» Ta constant 


10 


10 


% 


Frequency change with voltage 


V C c » 7 V to 40 V. T A = 25°C 


0.1 


0.1 


% 


Frequency change with temperature 


AT a = MIN to MAX 


4 


2 


% 


amplifier sections (see figure 1) 


PARAMETER 


TEST CONDITIONS 


MIN TYP* MAX 


UNIT 


Input offset voltage 


Error 




2 10 


mV 


current-limit 
(TL593 only) 


Feedback pin at 2.5 V 


BO 


Input offset current 


Feedback control at 2.5 V 


25 250 


nA 


Input bias current 


Feedback control at 2.5 V 


0.2 1 


*A 


Common-mode input 
voltage range 


Error 


V C C = 7 V to 40 V 


-0.3 
to 
V CC -2 


V 


CurronMtmft 
(TL593 only) 


-0.3 
to 
V CC -6 


Open-loop voltage 
amplification 


Error 




70 95 


dB 


Current-limit 
(TL593 only) 


AV = 3 V, V = 0.5 V to 3.5 V 


90 


Unity-gain bandwidth 




800 


kHz 


Common-mode 
rejection ratio 


Error 


Vcc = 40 V. T A = 25 c 




65 80 


dB 


Current-limit 
(TLS93 only) 


C 


70 


Output sink current (pin 3) 


V| D = -15 mV to -5 V, Feedback control at 0.5 V 


0.3 0.7 


mA 


Output source current (pin 3) 


V| D = 15 mV to 5 V, Feedback at 3.5 V 


-2 


mA 



t For conditions shown as MIN or MAX, uso tho appropriate vatue specified under recommended operating conditions, t ^ 

* AM typical values except for parameter changes with temperature are at T^ = 26°C. / £ (x — X) 2 

5 Duration of the short-circuit should not exceed one second. - / o=1 

1 Standard deviation is a measure of the statistical distribution about the mean as derived from the formula ° " \f N _ 1 
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TYPES TL593, TL594, TL595 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 



electrical characteristics over recommended operating free-air temperature range, Vqc = 15 V, f = 10 kHz 
(unless otherwise noted) 



dead-time control section (see figure 2) 


PARAMETER 


TEST CONDITIONS 


MIN TYP* MAX 


UNIT 


Input bias current (pin 4} 


V| = to 5.25 V 


-2 -10 


,.A 


Maximum duty cycle, each output 


Dead-time control at V 


45 


% 


Input threshold voltage (pin 4) 


Zero duty cycle 


3 3.3 


V 


Maximum duty cycle 






output section 



PARAMETER 


TEST CONDITIONS 


TL593M 
TL594M 


TL593I, TL593C 
TL594I, TL594C 
TL595I, TL595C 


UNIT 


MIN TYP* MAX 


MIN TYP J MAX 


Collector off-state current 


V CE = 40 V. Vcc = 40 V 


2 100 


2 100 




V C = 15 V. V E » V, 
V CC = 1 to 3 V, 

Dead-time and output control pins at V 


4 200 


4 200 


Emitter off-state current 


Vcc = V C = 40 V. V E = 


-150 


-100 


nA 


Collector-emitter 
saturation voltage 


Common-emitter 


V E -0. I C - 200 mA 


1.1 1.5 


1.1 1.3 


V 


Emitter-follower 


V C « 15 V, l E = -200 mA 


1.5 2.5 


1.5 2.5 


Output control input current 


V| = v, e( 


3.5 


3.5 


mA 



pwm comparator section (see figure 2) 



PARAMETER 


TEST CONDITIONS 


MIN TYP* MAX 


UNIT 


Input threshold voltage (pin 3) 


Zero duty cycle 


4 4.5 


V 


Input sink current (pin 3) 


V( P in 31 = 0.5 V 


0.3 0.7 


mA 



under-voltage lockout section 



PARAMETER 


TEST CONDITIONS 1 


TL593M 
TL594M 


TL593I, TL593C 
TL594I, TL594C 
TL595I, TL595C 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


Threshold voltage 


T A - 25 °C 


6 


6 


V 


AT A = MIN to MAX 


3 6.9 


3.5 6.9 


Hysteresis 1 




30 


100 


mV 


total device 


PARAMETER 


TEST CONDITIONS 


MIN TYP* MAX 


UNIT 


Standby supply current 


Pin 6 at V rc f, 
All other inputs 
and outputs open 


v C c = 15 v 


9 15 


mA 


Vcc = 40 v 


1 1 18 


Average supply current 


Dead-time Control at 2 V, 
See Figure 2 


12.4 


mA 



'For conditions shown as MIN or MAX;, use the appropriate value specified under rocommonded operating conditions. 
* All Typical values except lor parameter changes with temperature are at T^ = 25 °C. 

IhlystBresis is the difference bBtwBBn thB posditivo-going input threshold voltagB and the negative-going input threshold voltage. 
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TYPES TL593, TL594, TL595 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 



switching characteristics. Ta = 25 °C 



PARAMETER 


TEST CONDITIONS 


MIN TYP* 


MAX 


UNIT 


Output voltage rise time 


Common-emitter configuration, 


100 


200 


ns 


Output voltage fall time 


See Figure 3 


30 


100 


Output voltage rise time 


Emitter-follower configuration, 


200 


400 


ns 


Output voltage fall time 


See Figure 4 


45 


100 


* All typical values are at T A = 25° 


C. 









PARAMETER MEASUREMENT INFORMATION 



AMPLIFIER 




FEEDBACK 
TERMINAL 



AMPLIFIER 



FIGURE 1 - AMPLIFIER CHARACTERISTICS 
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TYPES TL593, TL594, TL595 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 



PARAMETER MEASUREMENT INFORMATION 

Vcc 15 V 

1 1 



TEST J 
INPUTS J 



■±■0 01 ,.F 



X 

so w ; \ 



vcc 



FEEDBACK 
RT 
C T 



1 



STEERING 
CONTROL 
AMPLIFIERS 



OUTPUT 
CONTROL 



REF 
OUTPUT 



>150 I'>150 Jl 
| 2 W < 2 W 



TEST CIRCUIT 



■fCWMj ° NLY 



VOLTAGE 
ATC1 



VOLTAGE 
AT Cj 



-V C C 



-v C c 



A/WWWWWWWWW 



D)f-;rn(jL 
INPUT 



n huiai:k 

07 V ■ 



nuTY 
CYCLE 



THRESHOLD VG LT AG E - ^-^^^^ 




I 
| 


THRESHOLD VOL TAG E 


I 
I 

I 






H-o%^ 



VOLTAGE WAVEFORMS 
FIGURE 2 - DEAD-TIME AND FEEDBACK CONTROL 
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TYPES TL593, TL594, TL595 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 



PARAMETER MEASUREMENT INFORMATION 




O OUTPUT 



I C t - *5 nF 



I in< ' utloi J ■' oti»i find 




TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM 

FIGURE 3-COMMON EMITTER CONFIGURATION 




O o< i f n 




TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM 

FIGURE 4— EMITTER-FOLLOWER CONFIGURATION 
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TYPES TL593, TL594, TL595 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 



TYPICAL CHARACTERISTICS 



OSCILLATOR FREQUENCY and 
FREQUENCY VARIATION* vs 
TIMING RESISTANCE 



! 



100 k 
40 k 

, 10 k 
4k 



—23 



E 1 k 
5 MQ 



6 100 



40 
10 



i-1%£ 
4 



o%: 



si 



15 V 
25°C 



Ik 4 k 10 k 40 k 100 k 
Rj-Timing Resistance-12 



400 k 1M 



100 
90 
80 

| 60 

I 50 
E 
< 
B 

| 30 
> 20 



AMPLIFIER VOLTAGE AMPLIFICATION 
vs 

FREQUENCY 











vcc* 


15 V _ 
- 3 V 
2S"C - 










AV 






\ 




-t a = 






\ 








































\ 












\ 














V 












\ 



10 



100 Ik 10k 

f-Frequency-Hz 



1M 



Frequency variation (Af> is the change in oscillator frequency that occurs over the lull lemperaiure range. 
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LINEAR 

INTEGRATED CIRCUITS 



SERIES TL780 
POSITIVE VOLTAGE REGULATORS 



D2643, APRIL 1981 



±1% Output tolerance at 25° C 

+ 2% Output Tolerance Over Full Operating 
Range 

Thermal Shutdown 

Internal Short-Circuit Current Limiting 
Pinout Identical to uA7800 Series 



description 



Each fixed-voltage precision regulator in this series 
is capable of supplying 1.5 amperes of load current. 
A unique temperature-compensation technique 
coupled with an internally trimmed bandgap reference 
has resulted in improved accuracy when compared 
to other three-terminal regulators. Advanced layout 
techniques provide excellent line, load, and thermal 
regulation. The internal current limiting and thermal 
shutdown features make the devices essentially immune 
to overload. 



schematic 



NOMINAL 




OUTPUT 


REGULATOR 


VOLTAGE 




5 V 


TL780-05C 


12 V 


TL780-12C 


15 V 


TL780-15C 



KG PACKAGE 



(TOP VIEW) 







THE COMMON TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 
TO-220AB 





-0 \UPli1 



OUTPUT 



O COMMON 
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SERIES TL780 

POSITIVE VOLTAGE REGULATORS 



absolute maximum ratings over operating temperature range (unless otherwise noted) 



Input voltage 35 V 

Continuous total dissipation at 25° C free-air temperature (see Note 1 ) 2 W 

Continuous total dissipation at (or below) 25°C case temperature (see Note 1 ) 1 5 W 

Operating free-air, case, or virtual junction temperature range to 150 C 

Storage temperature range -65 to 150 C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260" C 



Note 1 : For oporotion above 25°C -free-air or case tamporature, refer to Dissipation Doraiing Curvoi, Figure 1 and Figure 2. 



FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 





2000 




1800 


E 




c 


1600 


o 




1 


1400 


<-- 

5 


1200 


6 


1000 


D 

e 




e 


800 


5 




u 

E 


600 


| 


400 








200 








\ 
































\ 


































k 




_ Deratin 
R0JA* 


3 factor = 
62.5°CA 


16mW/° 
V 








\ 










\ 



25 50 75 100 125 

TA-Free-Air Temperature-°C 

FIGURE 1 

recommended operating conditions 



150 



16 

5 14 

I 

c 

4 

3 

1 10 



CASE TEMPERATURE 
DISSIPATION DERATING CURVE 



S 

E 
□ 
E 

















\ 






\ 










_ 


v 




















\ 












V 


Derating 


factor * 


125 WA 






above yfj L 


\ 



4 
2 


25 50 75 100 125 150 

Tc-Case Temperature-°C 

FIGURE 2 





MIN 


MAX 


UNIT 




TL780-05C 


7 


25 




Input voltage, V| 


TL780-12C 


14.5 


30 


V 




TL780-15C 


17.5 


30 




Output current, lo 


1.5 


A 


Operating virtual junction temperature, Tj 





125 





2 124 
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SERIES TL780 
POSITIVE VOLTAGE REGULATORS 



TL780-05C electrical characteristics at specified virtual junction temperature, 
V| = 10 V, \q = 500 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


MIN 


TYP 


MAX 


UNIT 


Output voltage 


lO = 5 mA to 1 A, P < 15 W 


25° C 


4.95 


S 


5.05 


V 


V | a 7 V to 20 V 


0°C to 125°C 


4.9 




5.1 




Input regulation 


V | = / V to Zo V 


25° C 




0.5 


5 


mV 


V|-ovioizv 




0.5 


5 


Ripple rejection 


V| = 8 V to 18 V, f = 120 Hz 


U L, to l zb L, 


70 


85 




dB 


Output regulation 


lO - 5 mA to 1.5 A 


25"C 




4 


25 


mV 


lO = 250 mA to 750 mA 




1.5 


15 


Output resistance 


f = 1 kHz 


0°C to 125 D C 


0.0035 


n 


Temperature coefficient 
of output voltage 


Iq = 5 mA 


0°C to I25°C 


0.25 


mV/'C 


Output noise voltage 


f = 10 Hz to 100 kHz 


25° C 


75 


MV 


Dropout voltage 


l = 1 A 


25° C 


2 


V 


Bias current 




25° C 




5 


8 


mA 


Bias current change 


V| = 7 V to 25 V 


0°C to 125°C 




0.7 


1.3 


mA 


Iq = 5 mA to 1 A 




0.03 


0.5 


Short circuit output current 


V| = 35 V 


25° C 


750 


mA 


Peak output current 




25° C 


2.2 


A 



TL780-12C electrical characteristics at specified virtual junction temperature, 
V| = 19 V, Iq = 500 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


MIN TYP MAX 


UNIT 


Output voltage 


lO - 5 mA to 1 A, P < 15 W 
V| " 14.5 V to 27 V 


25" C 


1 1.88 12 12.12 


V 


0°C to 125°C 


11.76 12.24 


Input regulation 


V| - 14.5 V to 30 V 


25 U C 


1.2 12 


mV 


V| = 16 V to 22 V 


1.2 12 


Ripple rejection 


V| = 15 V to 25 V f = 120 Hz 


0"C to 125 C 


65 80 


dB 


Output regulation 


Iq = 5 mA to 1 .5 A 


25° C 


6.5 60 


mV 


lO - 250 mA to 750 mA 


2.5 36 


Output resistance 


f = 1 kHz 


0^C to 125"C 


0.0035 


il 


Temperature coefficient 
of output voltage 


Iq = 5 mA 


:> C to 125°C 


0.6 


mvrc 


Output noise voltage 


f = 10 Hz to 100 kHz 


25" C 


180 




Dropout voltage 


l = 1 A 


25" C 


2 


V 


Bias current 




25" C 


5.5 B 


mA 


Bias current change 


V| = 14.5 V to 30 V 


0°C to 125°C 


0.4 13 


mA 


Iq = 5 mA to 1 A 


0.03 0.5 


Short-circuit output current 


V| = 35 V 


25° C 


350 


mA 


Peak output current 




25" C 


2.2 


A 



T All characteristics aro measured with o capacitor across the input of Q.33 jiF and a capacitor across iho output a f 0.22 /J f All characteristics 
oxccpt noiso voltage and ripple rejection ratio nro measured using pulse techniques lr rt < 10 ms, duty cycles < 5%). Output voltage changes 
due to changes in internal temperaturo must be token into account separably- 
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SERIES TL780 

POSITIVE VOLTAGE REGULATORS 



TL780-15C electrical characteristics at specified virtual junction temperature, 
V| = 23 V, Iq = 500 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


MIN TYP MAX 


UNIT 


Output voltage 


lO ™ 5 m A to 1 A, P < 1 5 W 
V | = 1 7.5 V to 30 v* 


25 C 


14.85 15 15.15 


V 


0°C to 125°C 


14.7 15.3 


Input regulation 


v | ■ i /.a v to JU v 


25° C 


1.5 15 


mV 


V | V tO ZX3 V 


1.5 15 


Ripple rejection 


V| = 18.5 V to 28.5 V f = 120 Hz 


0°C to 125°C 


60 75 


dB 


Output regulation 




25° C 


7 75 


mV 


Iq c 250 mA to 750 mA 


2.5 45 


Output resistance 


f - 1 kHz 


0°Cto 125°C 






Temperature coefficient 
of output voltage 


Iq = 5 mA 


0°C to 125°C 


0.62 


mV/°C 


Output noise voltage 


f - 10 Hz to 100 kHz 


25° C 


225 


MV 


Dropout voltage 


l - 1 A 


25° C 


2 


V 


Bias current 




25° C 


5.5 8 


mA 


Bias current change 


V|» 17.5 V to 30 V 


0°C to 125°C 


0.4 1.3 


mA 


Iq ■ 5 mA to 1 A 


0.02 0.5 


Short-circuit output current 


V| -35 V 


25° C 


230 


mA 


Peak output current 




25° C 


2.2 


A 



T A|I characteristics are measured with a capacitor across the input of 0.33 jiF end a capacitor across the output of 0.22 uF. All characteristics 
except noise voltage and ripple rejection ratio are measured using pulso techniques |t w < 10 mi, duty cycle < 5%). Output voltage changes 
duo to changes In Internal temperature must ho taken into account separately. 



TYPICAL APPLICATION DATA 



INPUT 
C 



C1 = 0J33^F* 



I TL 780 

C 



T 



OUTPUT 5 



02 = 0.22 p Ft 



CI required If regulator is far from powar supply filter. 
C2 not required lor stability, however transient response Is Improved 
i Permanent damage can occur If output Is pulled below ground. 



26 



Texas Instruments 

INCOR POR ATE D 
POST OFFICE BOX 22501? • DALLAS. TEXAS 75265 



LINEAR 

INTEGRATED 

CIRCUITS 



TYPE TL783AC 
HIGH-VOLTAGE ADJUSTABLE REGULATOR 



D2713. JANUARY 1983 



Adjustable Regulator for Precise Control of 
Voltage or Current 

Plug-In Replacement for Differential Voltage 
. . . 5.25 V to 200 V 

Input-to-Output Differential Voltage . . . 
5.25 V to 200 V 

• 1 A Output Current Capability 

• Full Short-Circuit, Safe-Operating-Area, and 
Thermal Shutdown Protection 

• 0.001% Typical Input Regulation 

• 0.15% Typical Output Regulation 

• 76 dB Typical Ripple Rejection 

• Standard TO-220AB Package 

description 



KC PACKAGE 



(TOP VIEW) 

INPUT 
OUTPUT 
! ADJUSTMENT 

THE OUTPUT TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 
TO-220AB 




The TL783AC is an adjustable 3-terminal positive-voltage regulator with a DMOS output transistor capable of sourcing 
as much as 1 ampere. It is designed to be a direct plug-in replacement for the TL783C but offers a much larger differential 
voltage range, 5.25 volts to 200 volts. Excellent performance specifications — superior to those of most bipolar 
regulators — are achieved through circuit design and advanced layout techniques. 

As a state-of-the-art regulator, the TL783AC combines standard bipolar circuitry with high-voltage double-diffused 
MOS transistors on one chip to yield a device capable of withstanding voltages far higher than standard bipolar integrated 
circuits. Because of its lack of secondary breakdown and thermal runaway characteristics usually associated with 
bipolar outputs, the TL783AC maintains full overload protection while operating at up to 200 volts from input to output. 
Other features of the device include current limiting, safe-operating-area (SOAI protection, and thermal shutdown. 
Even if the adjustment pin is inadvertently disconnected, the protection circuitry remains functional. 

Only two external resistors are required to program the output voltage. An input bypass capacitor is necessary only 
when the regulator is situated far from the input filter. An output capacitor, although not required, will improve transient 
response and protection from instantaneous output short-circuits. Excellent ripple rejection can be achieved without 
a bypass capacitor at the adjustment terminal. 



functional block diagram 




Copyrighl © 1983 by Texas Instruments Incorporated 
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LINEAR 

INTEGRATED 

CIRCUITS 



TYPE TL783C 

HIGH-VOLTAGE ADJUSTABLE REGULATOR 

D2659, SEPTEMBER 1981-REVISED JANUARY 1983 



Output Adjustable From 1.25 V To 
125-Volt 

700 mA Output Current 

Full Short-Circuit, Safe-Operating-Area, and 
Thermal Shutdown Protection 

0.001 %/V Typical Input Regulation 

0.15% Typical Output Regulation 

76 dB Typical Ripple Rejection 

Standard TO-220AB Package 



KC PACKAGE 



description 



(TOP VIEW) 

i INPUT 
' OUTPUT 
| ADJUSTMENT 

THE OUTPUT TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 
TO-220AB 




The TL783 is an adjustable 3-terminal positive-voltage regulator with an output range of 1.25 volts to 125 volts and a 
DMOS output transistor capable of sourcing more than 700 milliamperes. It is designed for use in high-voltage applica- 
tions where standard bipolar regulators cannot be used. Excellent performance specifications . . . superior to those 
of most bipolar regulators ... are achieved through circuit design and advanced layout techniques. 

As a state-of-the-art regulator, the TL783 combines standard bipolar circuitry with high-voltage double-diffused MOS 
transistors on one chip to yield a device capable of withstanding voltages far higher than standard bipolar integrated 
circuits. Because of its lack of secondary breakdown and thermal runaway characteristics usually associated with bipolar 
outputs, the TL783 maintains full overload protection while operating at up to 125 volts from input to output. Other 
features of the device include current limiting, safe-operating-area (SOA) protection, and thermal shutdown. Even if 
the adjustment pin is inadvertently disconnected, the protection circuitry remains functional. 

Only two external resistors arc required to program the output voltage. An input bypass capacitor is necessary only 
when the regulator is situated far from the input filter. An output capacitor, although not required, will improve 
transient response and protection from instantaneous output short-circuits. Excellent ripple rejection can be achieved 
without a bypass capacitor at the adjustment terminal. 



functional block diagram 
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TYPE TL783C 

HIGH-VOLTAGE ADJUSTABLE REGULATOR 



absolute maximum ratings over operating temperature range (unless otherwise noted) 



tnput-to-output differential voltage, V| — Vrj 125 V 

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 1 ) 2 W 

Continuous total dissipation at (or below) 25°C case temperature (see Note 1 ) 20 W 

Operating free-air, case, or virtual junction temperature range 0°C to 1 50° C 

Lead temperature 1 /1 6 inch (1 ,6 mm) from case for 10 seconds 260 C 



NOTE 1 : For operation above 25 C free-air or case temperature, refer to the dissipation derating curves, Figures 1 and 2. 



FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 
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CASE TEMPERATURE 
DISSIPATION DERATING CURVES 
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FIGURE 2 



recommended operating conditions 

M1N MAX UNIT 

Input-to-output voltage differential, V| - Vo 125 V 

Output current, Irj 15 700 mA 

Operating virtual junction temperature, Tj 125 °C 
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TYPE TL783C 

HIGH-VOLTAGE ADJUSTABLE REGULATOR 



electrical characteristics at V| - Vq = 25 V, Iq = 0.5 A, Tj = 0°C to 125°C (unless otherwise noted) 



PARAMETER 


TEST CONDITlONS t 


MIN 


TYP 


MAX 


UNIT 


Input regulation! 


V| - V G - 20 V to 125 V 


Tj - 25°C 




0.001 


0.01 


%/V 


Tj-0 Cto125°C 




0.004 


0.02 


Ripple rejection 


AVnp.p)- 10 V. 


V » 10 V, 


f « 1 20 Hz 


66 


76 




dS 




Iq - 15 mA to 700 mA. 


Tj-25°C 


V < 5 V 




7.5 


25 


mV 


Output regulation 


Vo > 5 V 




0.15 


0.5 


% 


Iq " 15 mA to 700 mA 


V «£ 5 V 




20 


70 


mV 




Vq > 5 V 




0.3 


1.5 


% 


Output voltage change 
with temperature 




0.4 


% 


Output voltage 
long-term drift 


1000 h at Tj = 125°C, 
See Note 2 


V| - V » 125 V, 




0.2 


% 


Output noise voltage 


f = 10 Hz to 10 kHz. 


Tj - 25° C 




0.003 


% 


Minimum output current 
to maintain regulation 


V| - V - 125 V 


15 


mA 




V| - V - 25 V, 


t « 1 ms 




1100 




Peak output current 


V] - Vq - 15 V, 


t - 30 ms 




715 


mA 


V| - V - 25 V, 


t - 30 ms 




700 


900 






V t - Vq - 125 V. 


t - 30 ms 




100 


250 






Adjustment-terminal 
current 






83 


110 


»A 


Change in adjustment- 
terminal current 


V| - Vq - 15 V to 125 V, 


lO - 15 mA to 700 mA, 


P < rated dissipation 




0.5 


5 


PA 


Reference voltage 
(output to ADJ) 


V| - V - 10 V to 125 V. 


Iq - 15 mA to 700 mA, 


P < rated dissipation 


1.2 


1.27 


1.3 


V 



T All characteristics except noise voltage and ripple rejection ere measured using pulse techniques (t w < 10 ms, duty cycle < 5%) to limit changes 

In average Internal dissipation. Output voltage changes due to large changes In Internal dissipation must be token Into account separately, 
f Input regulation Is expressed here as the percentage change In output voltage per 1 volt change at the input. 

NOTE 2: Since long term drift cannot be measured on the Individual devices prior to shipment, this specification Is not Intended to be a 
guarantee or warranty. It Is an engineering animate of the average drift to be expected (ram lot to lot. 
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REFERENCE VOLTAGE 
*» 

VIRTUAL JUNCTION TEMPERATURE 
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DESIGN CONSIDERATIONS 

The internal reference {see functional block diagram) is used to generate 1.25 volts nominal (V re f) between the output 
and adjustment terminals. This voltage is developed across R1 and causes a constant current to flow through R1 and 
the programming resistor R2, giving an output voltage of: 

V0 = Wef d + R2/R1J + l ad j (R2) 
or 

Vo^ Vref (1 + R2/R1). 

The TL783 was designed to minimize l ac jj and maintain consistency over line and load variations, thereby minimizing 
the l a( jj (R2) error term. 

To maintain l a[ jj at a low level, all quiescent operating current is returned to the output terminal. This quiescent 
current must be sunk by the external load and is the minimum load current necessary to prevent the output from 
rising. The recommended R 1 value of 82 ohms will provide a minimum load current of 1 5 milliamperes. Larger values 
may be used if the input-to-output differential voltage is less than 125 volts {see minimum operating current curve! 
or if the load will sink some portion of the minimum current. 

Bypass capacitors 

The TL783 regulator is stable without bypass capacitors; however, any regulator will become unstable with certain 
values of output capacitance if an input capacitor is not used. Therefore, the use of input bypassing is recommended 
whenever the regulator is located more than four inches from the power-supply filter capacitor. A 1 -microfarad tantalum 
or electrolytic capacitor is usually sufficient. 

Adjustment-terminal capacitors are not recommended for use on the TL783 because they can seriously degrade load 
transient response as well as create a need for extra protection circuitry. Excellent ripple rejection is presently achieved 
without this added capacitor. 

Due to the relatively low gain of the MOS output stage, output voltage drop-out may occur under large load transient 
conditions. Addition of an output bypass capacitor will greatly enhance load transient response as well as prevent 
drop-out. For most applications it is recommended that an output bypass capacitor be used with a minimum value of: 

C W= 15/Vo 

Larger values will provide proportionally better transient response characteristics. 
Protection circuitry 

The TL783 regulator includes built-in protection circuitry capable of guarding the device against most overload con- 
ditions encountered in normal operation. These protective features are current limiting, safe-operating-area protection, 
and thermal shutdown. These circuits are meant to protect the device under occasional fault conditions only. Con- 
tinuous operation in the current limit or thermal shutdown mode is not recommended. 

The internal protection circuits of the TL783 will protect the device up to maximum rated V| as long as certain pre- 
cautions are taken. If V | is instantaneously switched on, transients exceeding maximum input ratings may occur, which 
can destroy the regulator. These are usually caused by lead inductance and bypass capacitors causing a ringing voltage 
on the input. In addition, if rise times in excess of 10 V/ns are applied to the input, a parasitic n-p-n transistor in parallel 
with the DMOS output can be turned on causing the device to fail. If the device is operated over 50 volts and the input 
is switched on rather than ramped on, a low-Q capacitor, such as a tantalum or electrolytic should be used rather than 
ceramic, paper, or plastic bypass capacitors. A dissipation factor of 0.015 or greater will usually provide adequate 
damping to suppress ringing. Normally, no problems will occur if the input voltage is allowed to ramp upward through 
the action of an ac line rectifier and filter network. 
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Similarly, if an instantaneous short circuit is applied to the outputs, both ringing and excessive fall times can result. A 
tantalum or electrolytic bypass capacitor is recommended to eliminate this problem. However, if a large output capacitor 
is used and the input is shorted, addition of a protection diode may be necessary to prevent capacitor discharge through 
the regulator. The amount of discharge current delivered is dependent on output voltage, size of capacitor, and fall 
time of V|. A protective diode (see Figure 17) is required only for capacitance values greater than 

C (uf) = 3x 104/(V O > 2 . 

Care should always be taken to prevent insertion of regulators into a socket with power on. Power should be turned off 
before removing or inserting regulators. 
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FIGURE 17- REGULATOR WITH PROTECTIVE DIODE 



Load regulation 

The current set resistor {R1) should be located close to the regulator output terminal rather than near the load. This 
eliminates long line drops from being amplified through the action of R1 and R2 to degrade load regulation. To provide 
remote ground sensing, R2 should be near the load ground. 
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FIGURE 18 — REGULATOR WITH CURRENT-SET RESISTOR 
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TYPICAL APPLICATION DATA 




FIGURE 19- 1.25 V TO 115 V 
ADJUSTABLE REGULATOR 



FIGURE 20-125-V 
SHORT-CIRCUIT-PROTECTED 
OFF-LINE REGULATOR 



FIGURE 21-50-V 
REGULATOR WITH CURRENT BOOST 
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FIGURE 22— ADJUSTABLE 
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FIGURE 25— HIGH- VOLTAGE 
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FIGURE 26-48-V. 200 mA FLOAT CHARGER 
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Complete PWM Power Control Circuitry 

Completely Synchronized Operation 

Interna! Under-Voltage Lockout Protection 

Wide Supply Voltage Range 

Internal Short-Circuit Protection 

Oscillator Frequency . . . 500 kHz Max 

Variable Dead Time Provides Control Over 
Total Range 

Internal Regulator Provides A Stable 2.5-V 
Reference Supply 



J OR N 

DUAL IN-LINE PACKAGE (TOP VIEW) 



I ERROR >NONINV INPUT £ 
AMP \ INV INPUT £ 
1 FEEDBACK E 
1 DEAD-TIME CONTROL Q 
1 OUTPUT £ 

gndQ 



1 


U,6 


2 


15 


3 


14 


A 


13 


5 


12 


6 


11 


7 


10 



~2 reference 
Dscp 

unoninv input\^2 error 

JlNVER INPUT J AMP 
~\2 FEEDBACK 
22 DEAD-TIME CONTROL 
U2 OUTPUT 

Dvcc 



description 

The TL1451 incorporates on a single monolithic chip all the functions required in the construction of two pulse-width- 
modulation control circuits. Designed primarily for power supply control, the TL1451 contains an on-chip 2.5-volt 
regulator, two error amplifiers, an adjustable oscillator, two dead-time comparators, under-voltage lockout circuitry, 
and dual common-emitter output transistor circuits. 

The uncommitted output transistors provide common-emitter output capability for each controller. The internal amplifiers 
exhibit a common-mode voltage range from 0.4 volts to 1.5 volts. The dead-time control comparator has no offset 
unless externally altered and may be used to provide 0% to 1 00% dead time. The on-chip oscillator may be operated 
by terminating Rt (pin 2) and Ct (pin 1 ). During low Vcc conditions, the under-voltage lockout control circuit feature 
locks the outputs off until the internal circuitry is operational. 

The TL1451 is characterized for operation from -20°C to 85°C. 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage. Vcc 


3.6 40 


V 


High-level output voltage, Vqh 


40 


V 


High-level output current, Iqh 


20 


mA 


Error amplifier common-mode input voltage, Vjc 


0.4 1.5 


V 


Input voltage range at dead-time terminal 


1.4 2.05 


V 


Input current at feedback terminal 


-50 


*A 


Timing capacitor, Cj 


0.15 15 


*F 


Timing resistor, Rj 


5 50 


kfl 


Oscillator frequency, f sc 


1 500 


kHz 


Operating free-air temperature, T^ 


-20 85 


°C 
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Value* for Rl through R7, C1 through C4, and L1 and L2 depend upon individual application. 
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• Complete PWM Power Control Circuitry 

• 8-Volt to 35-Volt Operation 

• 5.1 -Volt Reference Trimmed to ±1% 

• Frequency Range . . . 100 Hz to 500 Hz 

• Adjustable Deadtime Control 

• Under-Voltage Lockout for Low Vqc 
Conditions 

• Latched PWM Prevents Multiple Pulses 

• Dual Sink or Source Output Drivers 

• Improved Direct Replacements for Silicon 
General SG1525A/SG1527A Series 

output logic 

TL1525A, TL2525A, TL3525A . . . NOR 
TL1527A, TL2527A. TL3527A ... OR 



TL1525A, TL1527A. . .J 
TL2525A. TL2527A. . J OR N 
TL3525A, TL3527A. , J OR N 

DUAL-IN-LINE PACKAGE 
ITOP VIEW) 



INVERTING INPUTS 


1 Otb 


^REFERENCE 


NONINVERTING INPUTT 


2 15 


Dvcc <V|) 


SYNCC 


3 14 


3 OUTPUT B 


OSCILLATOR OUTC 


4 13 


Hvc 


CtC 


5 12 


]GND 


RtC 


6 11 


3 OUTPUT A 


DISCHARGE Q 


7 10 


3 SHUTDOWN 


SOFT-START C 


8 9 


3 COMPENSATION 



description 

The TL1 525A/TL1 527A series of pulse-width modulation integrated circuits are designed to offer improved performance 
and lower external parts count when used to implement various types of switching power supplies. Each device includes 
an on-chip 5.1 -volt reference, error amplifier, programmable oscillator, pulse-steering flip-flop, a latched comparator 
under-voltage lockout, shutdown circuitry, and complementary source or sink outputs. The on-chip 5.1 -volt reference 
is trimmed to ± 1 % initial accuracy that serves as a reference output as well as supplying the internal regulator control 
circuitry. The input common-mode range of the error amplifier includes the reference voltage, which eliminates the 
need for external divider resistors. 

The oscillator operates at a fixed frequency determined by one timing resistor Rj and one timing capacitor Cj. The 
timing resistor establishes the constant charging current for Cj, resulting in a linear voltage ramp at Cj, which is 
fed to the PWM comparator providing linear control of the output pulse duration by the error amplifier. A Sync input 
to the oscillator allows for external synchronization or for multiple units to be slaved together. A single external resistor 
between the Cj pin and the Discharge pin provides a wide range of dead-time adjustment. These devices also feature 
built-in soft-start circuitry that requires only an external timing capacitor. The Shutdown pin controls both the soft- 
start and the output drivers, and provides instantaneous turn-off with soft-start recycle for slow turn-on. The soft- 
start and output driver circuitry are also controlled by the under-voltage lockout circuit, which, during low-input supply 
voltage of less than that required for normal operation, keeps the soft-start capacitor discharged and the output drivers 
off. 

Another unique feature is the S/R latch following the PWM comparator. This feature enables the output drivers to 
be turned off any time the PWM pulse is terminated; The latch is reset with each clock pulse. However, the PWM 
outputs will remain turned off for the duration of the period if the PWM comparator output is in a low-level state. 
The TL2525A, and TL3525A output stages feature NOR logic, which results in a low output for an off-state. The 
TL1527A, TL2527A, and TL3527A output stages feature OR logic, which results in a high-level output for an off- 
state. The output stages are totem-pole designs capable of sourcing or sinking 200 milliamperes of output current. 

The TL1525A and TL1527A are characterized for operation over the full military temperature range of -55°C to 
1 25°C. The TL2525A and TL2527A are characterized for operation from - 25 °C to 85 °C. The TL3525A and TL3527A 
are characterized for operation for 0°C to 70°C. 
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functional block diagram (positive logic) 




absolute maximum ratings over operating free-air temperature range junless otherwise noted) 



Supply voltage, V*cc l see Note 1) 40 V 

Collector voltage, Vc 40 V 

Logic input voltage range sync and shutdown -0.3 V to 5.5 V 

Analog input voltage range error amplifier inputs -0.3 V to Vqc 

Output current, Ifj 500 mA 

Reference output current, Iref 50 mA 

Current through Cj terminal -5 mA 

Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 2) 1000 mW 

Operating free-air temperature range:TL1 525A, TL1527A -55°C to 125°C 

TL2525A, TL2527A -25°Cto85°C 

TL3525A, TL3527A 0°C to 70°C 

Operating virtual junction temperature range 0°C to 150°C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J Package 300°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N Package 260°C 



NOTES: 1. All voltage values are with respect to network ground terminal. 

2. For operating above 25°C free-air temperature, see Oissipation Derating Curves. Figures 1 and 2. In the J package. TL1525A and TL1527A 
chips are alloy mounted; TL2525A. TL2527A. TL3525A, and TL3527A chips are epoxy mounted. 
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J PACKAGE FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 
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.9- 800 

Si 

Q 
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S 400 
E 

x 200 



FOR ALLOY MOUNT: 
DERATING FACTOR - 11 mW/°C 
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FOR EPOXY MOUNT: 
DERATING FACTOR - 8 2 mW/°C 
ABOVE 28°C 
R0JA * 116 B CAV 

| | 



N PACKAGE FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 
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Q 
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3 
C 

| 400 
E 

I 200 
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Ta— Free-Air Temperature— °C 

FIGURE 1 
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DERATING FACTOR - 92 mWfC 
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I I I 



25 35 45 55 65 75 
T^-Free-Air Temperature-°C 

FIGURE 2 



85 



recommended operating conditions 



PARAMETER 


TL1525A, TL1527A 


TL2525A, TL2527A 


TL3525A, TL3527A 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Supply voltage, Vrjc 


8 


35 


8 


35 


8 


35 


V 


Collector voltage, Vrj 


4.5 


35 


4.5 


35 


4.5 


35 


V 


Output current, Iq 


Steady state 





±100 





±100 





±100 


mA 


Peak 





±400 





±400 





±400 


Reference output current, Ire.F 





20 





20 





20 


mA 


Oscillator frequency range 


100 


500 


100 


500 


100 


500 


kHz 


Timing resistor, Rf 


2 


150 


2 


150 


2 


150 


kfi 


Timing capacitor, Cj 


0.001 


0.1 


0.001 


0.1 


0.001 


0.1 


pF 


Dead-time resistor, Rrj 





500 





500 





500 


n 


Operating free-air temperature range, 


-55 


125 


-25 


85 





70 


°c 
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electrical characteristics over recommended operating free-air temperature range, Vqc = 20 V 
(unless otherwise noted) 

reference section 


PARAIUFTFR 

rnnntsiu 1 Cn 




TL1525A, TL1527A 


TL3525A, TL3527A 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


Output voltage 


T i — 25°C 


5 05 5 1 R 1 5 


5 5.1 5.2 


V 


VfX = 8 V to 35 V, 
Iq = to 20 mA 


5 5.2 


4.95 5.25 


Input regulation 


Vqc = 8 V to 35 V 


14 20 


14 20 


mV 


Output regulation 


Iq = to 20 mA 


5 50 


5 50 


mV 


Output voltage change with 
temperature 




24 50 


24 50 


mV 


Output voltage long-term drift 
(see Note 3) 


After 1000 h at Tj = 125°C 


25 50 


25 50 


mV 


Output noise voltage IRMS) 


f = 10 Hz to 10 kHz, Tj = 25°C 


40 200 


40 200 




Short-circuit output current 


V = V, Tj = 25°C 


80 100 


80 100 


mA 


oscillator section 


PARAMETER 


TEST CONDITIONS 


TL1525A. TL1527A 
TL2525A. TL2527A 


TL3525A, TL3527A 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


Maximum frequency 


Rj = 2 ktl. C T = 1 nF 


400 


400 


kHz 


Minimum frequency 


R T = 150 ktl, Ct = 0.1 nF 


100 


100 


Hz 


Initial frequency error 


Rj = 3.6 ktl, R D = n, 
Ct = 0.1 n?, f = 40 kHz, 
T A = 25 °C 


±2% ±6% 


±2% ±6% 




Frequency change with 
supply voltage 


V CC = 8 V to 35 V 


±0.3% ±1% 


±1% ±2% 




Frequency change with 
temperature 


T A = MIN to MAX 


±3% ±6% 


±3% ±6% 




Output amplitude at Pin 4 


RT = 3.6 kfl, R D - o n, 
Ct = 0.1 pf, f = 40 kHz 


3 3.5 


3 3.5 


V 


Output pulse duration at Pin 4 


R T = 3.5 kt), R D = 
C T =0.1 ^F, f = 40 kHz, 
Tj = 25 °C 


0.3 0.5 1 


0.3 0.6 1 


(iS 


Input threshold voltage at Pin 3 




1.2 2 2.8 


1.2 2 2.8 


V 


Input current at Pin 3 


V|<Pin3> = 3.5 V 


1.6 2.5 


1.6 2.5 


mA 


Current through Pin 5 due to 
internal current mirror 


Current through Pin 6 = 6 mA 


1.7 2 2.2 


1.7 2 2.2 


mA 



NOTE 3: Since long term drift cannot be measured on ihe individual devices prior io shipment, this specification is not intended to be a guarantee or warranty. 
It is an engineering estimate of the average drift to be expected from lot to lot. 
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electrical characteristics over recommended operating free-air temperature range, Vcc - 20 V 
(unless otherwise noted) 



error amplifier section 



PARAMETER 


TEST CONDITIONS 


TL1525A, TL1527A 
TL2525A, TL2527A 


TL3525A, TL3527A 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


High-level ouiput voltage 




3.8 5.6 


3.8 5.6 


V 


Low-level output voltage 




0.2 0.5 


0.2 0.5 


V 


Input offset voltage 




0.5 5 


2 10 


mV 


Input bias current 




1 10 


1 10 


pA 


Input offset current 




1 


1 


pA 


Open-loop voltage amplification 


R[_ a 10 M 


60 75 


60 75 


dB 


Common-mode rejection ratio 


Vic = 1.5 V to 5.2 V 


60 75 


60 75 


dB 


Supplv voltage rejection ratio 


V C c = 8 V to 35 V 


50 60 


50 60 


dB 


Gain-bandwidth product 
(see Note 3) 


A V « dB. Tj = 25°C 


1 2 


1 2 


MHz 


comparator section 


PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


Input threshold voltage 


R T = 3.6 kli, 
R D »0fl, 

C T » 10 nF, f = 40 kHz 


Duty cycle = 0% 


0.6 0.9 


V 


Duty cycle = MAX 


3.3 3.6 


Input bias current 




0.5 1 


jiA 


soft-start section 


PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


Soft-stan voltage 


V| at Pin 10 - 2 V 


0.4 0.6 


V 


Soft-start current 


V| at Pin 10 = V 


25 50 80 


pA 


Input current, Shutdown 


V| = Pin 10 = 2.5 V 


0.4 1 


mA 


output section 


PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


High-level output voltage 


Iqh = "20 mA 


18 19 


V 


'OH = - 100 mA 


17 18 




Low-level output voltage 


lOL = 20 mA 


0.2 0.4 


V 


lOL = 100 mA 


1 2 




Under-voltage lockout voltage 


V| at Pins 8 and 9 high 


6 7 8 


V 


Oscillator cutoff current (see Note 4) 


V C = 35 V, l = 100 mA 


200 


mA 


Output pulse rise time 


C L = 1 nF, Tj = 25°C 


100 600 


ns 


Output pulse fall time 


C L = 1 nF, Tj = 25°C 


50 300 


ns 


Shutdown delay time 


V| at Pin 10 = 3 V, 

capacitance at pin 8 = 0, Tj = 25 °C 


0,2 0.5 


(IS 



NOTE 4: Collector cutoff current specifications apply only for the TL1525A. TL2525A. and TL3625A devices. 



total device 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


Minimum duty cycle 




0% 




Maximum duty cycle 




45% 49% 




Standby current 


V C C = 35 V 


14 20 


mA 
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TYPES TL1525A, TL1527A, TL2525A, TL2527A, TL3525A, TL3527A 
PULSE-WIDTH MODULATION CONTROLLERS 



L J I 



R T - 



J 7.4 KW 



SYNC 



(31 



DEAD TIME 



17) 



> 



> 



400 H A, /^\ 



23 fcU 
ViV— 



7T 



kl? 



- REFERENCE 



< 



■ RAMP 
TO PWM 



- OSCILLATOR 
OUTPUT 



FIGURE 3 - OSCILLATOR SCHEMATIC DIAGRAM 



TYPICAL CHARACTERISTICS 



CHARGING TIME 
vs 

TIMING RESISTOR 



DISCHARGE TIME 
vs 

DEAD TIME RESISTOR 



10000 



1000 




1000 



TOO 



10 100 1000 

Rj— Timing Resistor— k£2 

FIGURE 4 




100 200 300 400 500 
Rq— Dead Time Resistor— £1 
FIGURE 5 
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TYPES TL1525A, TL1527A, TL2525A, TL2527A, TL3525A, TL3527A 
PULSE-WIDTH MODULATION CONTROLLERS 



TYPICAL CHARACTERISTICS 



100 



BO 



co 60 

I 

"(5 

^ 40 



6 

> 20 
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ERROR AMPLIFIER OPEN-LOOP 
FREQUENCY RESPONSE 















X 
















H 












\ 




-R|_- 


20 kU 








N 


% 


\ 


Vcc = 20 V 
T A s 25*C 








\ 



10 tOO Tk 10 k 100 k 1M 10 M 
f— Frequency— Hz 

FIGURE 6 



TL1525A OUTPUT SATURATION VOLTAGE 
OUTPUT CURRENT 



£ 3 



O 

I 

o 



I I 

V| - 20 V 
Ta = 25°C 




Source Saturatud 

Vc-vqh 

I I 



Sink Saturated, Vol 

Ml I I I 



±0.01 ±0.02 ±0.04 ±0.1 0.2 0.4 0.7 1 
Output Saturation Voltage-V 

FIGURE 7 



Vcc 



05) 



INVERTING (II 
INPUT 



NQNINVERTING 12) 
INPUT 

(9) 



COMPEMSATfOM 



GND 



H2) 



< 



1 kU 
— vw- 



200 u A I 100 W A I f\ 

7 7 



TO PWM 
' COMPARATOR 



5 8 V 



Value* shown are nominal 

FIGURE 8 - ERROR AMPLIFIER SCHEMATIC DIAGRAM 
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TYPES TL1525A, TL1527A, TL2525A, TL2527A, TL3525A, TL3527A 
PULSE-WIDTH MODULATION CONTROLLERS 




-a v c 



O OUTPUT 



FIGURE 9 - OUTPUT CIRCUIT SCHEMATIC DIAGRAM 



TYPICAL APPLICATION DATA 

shutdown options 

1. Use an external transistor or open-collector comparator to pull down on the Compensation terminal (Pin 9). This 
will set the PWM latch and turn off both driver outputs. If the shutdown signal is momentary, pulse-by-pulse protection 
will be accomplished as the PWM latch is reset with each clock pulse. 

2. The same results may be accomplished by pulling down on the Soft-Start terminal (Pin 8) with the only difference 
being that on this pin shutdown will not affect the amplifier compensation network, but must discharge any soft- 
start capacitance. 

3. Application of a positive-going signal to the Shutdown terminal IPin 101 will provide the most rapid shutdown of 
the driver outputs but will not immediately set the PWM latch if there is a capacitor at the Soft-Start terminal. The 
capacitor will discharge but at a current twice the charging current. The PWM latch can be set on a pulse-by-pulse 
basis by the shutdown terminal if there is no external capacitance on the Soft-start terminal (Pin 8). Slow turn-on 
may still be accomplished by connecting an external capacitor, blocking diode, and charging resistor to the 
Compensation terminal (Pin 9). 



-146 
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TYPES TL1525A, TL1527A, TL2525A, TL2527A, TL3525A, TL3527A 
PULSE-WIDTH MODULATION CONTROLLERS 



TYPICAL APPLICATION DATA 



vcc- 



v C c v c 



f 

OUTPUT FILTER 



GNO- 



|(12) 



For single-ended supplies, the driver outputs are grounded. 
The Vc terminal is switched to ground by the totem-pole 
source transistors on the alternate oscillator cycles. 

FIGURE 10 - SINGLE-ENDED CIRCUIT 




Low-power transformers can be directly driven by the 
TL1525A. Automatic reset occurs during deadtime when 
both ends of the primary winding are switched to ground. 



FIGURE 11 - TRANSFORMER-COUPLED CIRCUIT 
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TYPES TL1525A, TL1527A, TL2525A, TL2527A, TL3525A, TL3527A 
PULSE-WIDTH MODULATION CONTROLLERS 



vcc- 



TYPICAL APPLICATION DATA 



(15) 



v C c 


v c 




'A 


OUTPUTS. 






s B 


GND 





laJ H(n 
^ — 1 v» I 



3 



In conventional push-pull bipolar designs, forward base drive 
is controlled by Rj -R3. Rapid turn-off times for the power 
devices are achieved with speed-up capacitors C-| and C2- 

FIGURE 12 - BIPOLAR PUSH-PULL CIRCUIT 



vcc- 







vcc 




" A 


OUTPUTS. 






, e 







<13> 



GND- 



4. 



The low source impedance of the output drivers provides 
rapid charging of power FET input capacitance while 
minimizing external components. 

FIGURE 13 - LOW-IMPEDANCE BIPOLAR-DRIVE 
PUSH-PULL CIRCUIT 
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INTEGRATED CIRCUITS 



TYPES TL7702, TL7705, TL7712, TL7715 
SUPPLY VOLTAGE SUPERVISORS 



D2722, APRIL 1983 



P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 



REF C 



RESIN £ 

ctC 
gndC 



2 7 

3 6 

4 5 



Uvcc 

H SENSE INPUT 
H RESET 
H RESET 



• Power On Reset Generator 

• Automatic Reset Generation After Voltage Drop 

• Wide Supply Voltage Range ... 3 V to 18 V 

• Precision Voltage Sensor 

• Temperature-Compensated Voltage Reference 

• True and Complement Reset Outputs 

• Externally Adjustable Pulse Width 

description 

The TL7702 series are monolithic integrated circuit supply voltage supervisors specifically designed for use as reset 
controllers in microcomputer and microprocessor systems. During power-up the device tests the supply voltage and 
keeps the reset outputs active as long as the supply voltage has not reached its nominal voltage value. Taking RESIN 
low has the same effect. To ensure that the microcomputer system has reset, the TL7702 then initiates an internal 
time delay that delays the return of the reset outputs to their inactive states. Since the time delay for most 
microcomputers and microprocessors is in the order of several machine cycles, the device internal time delay is 
determined by an external capacitor connected to the Cj input (pin 3). 

td = 1.3 x 10 4 XCj 
Where: Cj is in farads (F) 
td is in seconds (s) 



In addition, when the supply voltage drops below the nominal value, the outputs become active and stay in this state 
until the supply voltage returns to the nominal value. An external capacitor (typically 0.1 itF) must be connected to 
the REF output (pin 1) to reduce the influence of fast transients in the supply voltage. 

The TL7702 series is characterized for operation from 0°C to 70°C. 
functional block diagram 




All resistor and current values shown are nominal. 
NOTE A: TL7702: R1 - 0. R2 - open 

TL7705: R1 - 9 k0, R2 - 10 kO 
TL7709: R1 - 20.4 ktt. R2 = 10 ktt 
TL7712: R1 « 36.6 ktt, R2 = 10 Wfi 
TL7715: R1 - 46,8 kfl. R2 - 10 kU 
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TYPES TL7702, TL7705, TL7712, TL7715 
SUPPLY VOLTAGE SUPERVISORS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage. Vcc I see No te 1 ) 20 v 

Input voltage range at RESIN -0.3 V to 20 V 

Input voltage range at SENSE: TL7702 -0.3 V to 6 V 

TL7705, TL7709, TL7712, and TL7715 -0.3 V to 20 V 

Operating free-air temperature range 0°C to 70°C 

Storage temperature range -65°Cto 150°C 

NOTE 1: All voltage valuos are with respect to the network ground terminal. 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage 


3 18 


V 


High-lBvel input voltage at RESIN, V|H 


2 


V 


Low-level input voltage at RESIN, V|(_ 


0.7 


V 


High-level output current at RESET, Iqh 


-1 


mA 


Low-level output current at RESET, Iql 


16 


mA 


Operating free-air temperature range, 


70 


°C 



electrical characteristics over recommended ranges of supply voltage, input voltage, output current, 
and free-air temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 1 


MIN TYP MAX 


UNIT 


Voh High-level output voltage at RESET 


Iqh - -1 


vcc-1 


V 


VQL Low-levBl output voltage at RESET 


"OH =16 mA 


0.4 


V 


V r0 f Reference voltage 




2.S 


V 


Vg Sense voltage 


TL7702 


V C c = 3- 5 V to 18 V 


Vref 


V 


TL7705 


4.7 4.75 4.8 


TL7709 


7.5 7.6 7.7 


TL7712 


11.2 11.4 11.6 


TL7715 


14 14.2 14.4 


l|H High-level input current at RESIN 


V| - 2.4 V to V C C 


20 


J*A 


l|[_ Low-level input current at RESIN 


V| =* 0.4 V 


-100 


, t A 


IqC Supply current 


All inputs and outputs open 


1.8 3 


mA 



switching characteristics over recommended ranges of supply voltage, input voltage, 
output current, and free-air temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS f 


MIN TYP MAX 


UNIT 


Minimum pulse duration at SENSE 

twS 

input to switch outputs 


V|H = V S tVPical + 200 mV, 
V|l = Vs typical - 200 mV 


0.5 


fiS 


Pulse duration at RESET and 
RESET outputs 




0.65 1.3 2.6 


ms 


Propagation delay time from 
tpd RESIN to RESET 


V CC = 5 V 


9 


/IS 


t r Rise time at RESET and RESET 


Vcc = 5 V, see Note 2 


1 


MS 


tf Fall time at RESET and RESET 


Vcc = 5 V, see Note 2 


1 


/IS 



* All characteristics are measured with 0.1 -j«F capacitors connected at pins 1 and 2 to ground. 

NOTE 2: The rise and fall times are measured with a 4.7-kfl load resisior al RESET Ipin 5) and RESET (pin 6). 
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TYPES TL7702, TL7705, TL7712, TL7715 
SUPPLY VOLTAGE SUPERVISORS 



PARAMETER MEASUREMENT INFORMATION 




FIGURE 1 - SWITCHING DIAGRAM 



TYPICAL CHARACTERISTICS 

TIME DELAY 
vs 

TIMING CAPACITOR 



1 

10-1 

I 10-2 



| 10-3 
□ 



10-5 
10-^ 



T A = 25°C 
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/ 










/ 
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Cj — Timing Capacitor — /jF 
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TYPES TL7702, TL7705, TL771Z, TL7715 
SUPPLY VOLTAGE SUPERVISORS 



TYPICAL APPLICATION DATA 




RESIN RESET 



- * 1 



. SYSTEM RESET 



FIGURE 3 - MULTIPLE POWER SUPPLY SYSTEM RESET GENERATION 




C T lf i 



FIGURE 4 - RESET CONTROLLER FOR TMS9940 SYSTEM 




FIGURE 5 - RESET CONTROLLER FOR TMS1O0Q 
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LINEAR 

INTEGRATED 

CIRCUITS 



• 150-mA Load Current without External 
Power Transistor 

• Typically 0.02% Input Regulation and 
0.03% Load Regulation (uA723M) 



• Adjustable Current Limiting Capability 



TYPES uA723M, uA723C 
PRECISION VOLTAGE REGULATORS 

D1063, AUGUST 1972-REVISEO DECEMBER 1982 



* Input Voltages to 40 Volts 

* Output Adjustable from 2 to 37 Volts 

* Direct Replacement for Fairchild 
AiA723M and ^A723C 



description 

The uA723M and uA723C are monolithic integrated circuit voltage regulators featuring high ripple rejection, excellent 
input and load regulation, excellent temperature stability, and low standby current. The circuit consists of a 
temperature-compensated reference voltage amplifier, an error amplifier, a 1 50-milliampere output transistor, and an 
adjustable output current limiter. 

The uA723M and uA723C are designed for use in positive or negative power supplies as a series, shunt, switching, or 
floating regulator. For output currents exceeding 150 mA, additional pass elements may be connected as shown in 
Figures 4 and 5. 

The uA723M is characterized for operation over the full military temperature range of — 55°C to 125°C; the uA723C is 
characterized for operation from 0°C to 7Q a C. 



terminal assignments 



UA723M ... J PACKAGE 
UA723C ... J OR N PACKAGE 
(TOP VIEW) 



jMlprjiiinrif«ij7im 



^jtiitijiijujiiiur 

HC CUfl CUR IMV HON V lnf ] Vcc 
RENT RENT IHHtt ty+' 
LIMIT SENSE Hh^Ff 



UA723M . . . U PACKAGE 
(TOP VIEW) 



® © © ® © 
i i i i i 



i i i i i 

© © © © © 



NC-No internal connection 

functional block diagram 



COMftNSATtC 

DIOOt 



CuHHCNT 



flit qui NO 



HOH 



OUTPUT 
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TYPES uA723M. uA723C 
PRECISION VOLTAGE REGULATORS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Peak voltage from Vco I" V CC- ti w < 50 ms > 50 V 

Continuous voltage from Vcc+ to VcC- 40 V 

Input-to-output voltage differential 40 V 

Differential input voltage to error amplifier ±5 V 

Voltage between noninverting input and VfjC- V 

Current from Vz 25 mA 

Current from V( re fj 15 mA 

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 1): 

J or N package 1000 mW 

U package 675 mW 

Operating free-air temperature range: uA723M Circuits -55°Cto125 C 

uA723C Circuits 0°C to 70°C 

Storage temperature range — 65"Cto150C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds, J or U package 300 3 C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds, IM package 260° C 



NOTE i 



Power dissipation » ('(standby) + Veil' V CC + ' V C ~ v oJ 'O For option at elevated temperature, refer to Dissipation Derating Table. In 
the J package. uA723M chips ate alloy-mounted; uA723C chips are glass-mounted. 



recommended operating conditions 



MIN 

Input voltage. V| 9.5 

Output voltage, Vrj 2 

Input-to output voltage differential, Vq — Vrj 3 

Output current, Iq 



MAX UNIT 
40 V 

37 V 

38 V 
150 mA 



electrical characteristics at specified free-air temperature (see note 2) 



PARAMETER 


TEST CONDITIONS* 


UA723M 


UA723C 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


Input regulation 


V| = 12 V to V| = 15 V 


25° C 


0.01% 0.1% 


0.01% 0.1% 




V, = 12 V to V ( = 40 V 


25° C 


0.02% 0.2% 


0.1% 0.5% 


Vj = 12VtoV| = 15 V 


Full range 


0.3% 


0.3% 


Ripple rejection 


r = 50Hz to 10 kHz, C (ref ) =0 


25" C 


74 


74 


dB 


f = 50 Hz to 10 kHz, C (rBfl =5mF 


25" C 


86 


86 


Output regulation 


Iq = 1 mA to Iq = 50 mA 


25° C 


-0.03% -0.15% 


-0.03% -0.2% 




Full range 


-0.6% 


-0.6% 


Reference voltage, V{ ro f j 




25° C 


6.95 7.15 7.35 


6.8 7.15 7.5 


V 


Standby current 


V, =30V, l o -0 


25" C 


2.3 3.5 


2.3 4 


mA 


Temperature coefficient of 
output voltage 




Full range 


0.002 0.015 


0.003 0.015 


%/°C 


Short-circuit 
output current 


RSC D 10 V = 


25° C 


65 


65 


mA 


Output noise voltage 


BW = 100 Hz to 10 kHz, C (ref ) = 


25° C 


20 


20 




BW - 100 Hz to 10 kHz, C( re f> = 5^F 


25° C 


2.5 


2.5 



r Full range for uA723M is -55° C to 125° C and for uA723C is 0*C to 70°C. 

NOTE 2: For all vnluos in this table tho device is connected as shown in Figure 1 with the divider resilience as seen by iho error amplifier 
< 10 kSl. Unloss otherwise spocifled. V, ■ V cct - V c - 12 V. Vqq- = 0, V Q - 5 V. I Q " 1 mA, R sc - O, and C (reJ) - 0. 
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TYPES uA723M. uA723C 
PRECISION VOLTAGE REGULATORS 




DISSIPATION DERATING TABLE 





POWER 


DERATING 


ABOVE 


POWER 


RATING 


FACTOR 


T A 


J (Alloy-Mounted Chip) 


1000 mW 


11.0 mWrC 


59° C 


J (Glass-Mounted Chip) 


1000 mW 


8.2 mW/°C 


28° C 


N 


1 000 mW 


9.2 mW/°C 


41°C 


U 


675 mW 


5.4 mW/°C 


25° C 



Texas Instruments 

INCOR POR A I t D 
POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 



2 



TYPES UA723M, uA723C 
PRECISION VOLTAGE REGULATORS 



TYPICAL APPLICATION DATA 



TABLE t 

RESISTOR VALUES (k.Ql FOR STANDARD OUTPUT VOLTAGES 







FIXED 


OUTPUT 






FIXED 


OUTPUT 


OUTPUT 


APPLICABLE 


OUTPUT 


ADJUSTABLE 


OUTPUT 


APPLICABLE 


OUTPUT 


ADJUSTABLE 


VOLTAGE 


FIGURES 


i 5% 


t 10% (SEE NOTE 5) 


VOLTAGE 


FIGURES 


i 5% 


± 10% (SEE NOTE 5) 


(V) 


(SEE NOTE 4) 


R1 


R2 


R1 


PI 


R2 


(VI 


(SEE NOTE 4) 


R1 


R2 


R1 


P1 


R2 






Ikfi) 




ikn> 


(kfi) 


(kfi) 






Ikn) 


Ikn) 


Men) 


(kn) 


Ikfi) 


+3.0 


1.5. 6. 9. 11. 


4.12 


3.01 


1.8 


0.5 


1.2 


+ 100 


7 


3.57 


105 


2.2 


10 


91 




12(4) 


























+3.6 


1.5, 6,9, 11, 


3.57 


3.65 


1.5 


0.5 


1.5 


+250 


7 


3.57 


255 


2.2 


10 


240 




12(4) 


























+5.0 


1,5, 6, 9, 11, 


2.15 


4.99 


0.75 


0.5 


2.2 


-6 (Note 61 


3, (10) 


3.57 


2.43 


1.2 


0.5 


0.75 




12(4) 


























+6.0 


1,5, 6, 9,11. 


1.15 


6.04 


0.5 


0.5 


2.7 


-9 


3, 10 


3.48 


5.36 


1.2 


0.5 


2.0 




12(4) 


























+9.0 


2,4,15. 6. 


1.87 


7.15 


0.75 


1.0 


2.7 


-12 


3, 10 


3.57 


8.45 


1.2 


0.5 


3.3 




9. 12) 


























+ 12 


2,4, (5, 6 r 


4.87 


7.15 


2.0 


1.0 


3.0 


-15 


3, 10 


3.57 


11.5 


1.2 


0.5 


4.3 




9, 12) 


























+15 


2. 4, (5. 6. 


7.87 


7.15 


3.3 


1.0 


3.0 


-28 


3, 10 


3.57 


24.3 


1.2 


0.5 


10 




9, 12) 


























+28 


2, 4. (5, 6. 


21.0 


7.15 


5.G 


1.0 


2.0 


-45 


8 


3.57 


41.2 


2.2 


10 


33 




9. 12) 


























+45 


7 


3.57 


48.7 


2.2 


10 


39 


-100 


8 


3.57 


95.3 


2.2 


10 


91 


1 +75 


7 


3.57 


78.7 


2.2 


10 


68 


-250 


8 


3.57 


249 


2.2 


10 


240 



2 



TABLE II 

FORMULAS FOR INTERMEDIATE OUTPUT VOLTAGES 



Outputs from +2 to +7 volts 
[Figures 1. 5, 6,9. 11, 12. 14)] 

R2 

u ue " R1 + R2 


Outputs from +4 to +250 volts 
[Figure 7) 

V(rel) R2 - Rl 

v n - 1 ' x 

u 2 Rl 
R3 - R4 


Current Limiting 

0.65 V 
"(limit) ** „ 
"sc 


Outputs from +7 to +37 volts 
[Figures 2, 4. (5, 6, 9, 11, 12)| 

R1 + R2 
V(ref) X R2 


Outputs from -6 to —250 volts 
[Figures 3, 8, 10] 

V( ref ) Rl + R2 
J 2 Rl 

R3 = R4 


Foldback Current Limiting 
[Figure 6) 

V R3 + (R3 + R4) 0.65 V 
' (knec) ~ R SC R4 

0.65 V R3 + R4 

Ins * * 

Rjc R4 



NOTES: 3. Figures 1 through 12 show iho R1/R2 divider across either Vq or V( re |). Figure 

numbers in parentheses may bo used if the R1/R2 divider is placed across ihe other 

voltage (V( re i) or Vq) that it was not placed across in the figures without parentheses. 
A. To make the voltage adjustable, the R1/R2 divider shown in ihe figures must he replaced 

by the divider shown at the right. 
5. For negative output voltages less than 9 V, Vfjct anc ' must be connected to a 

positive supply such that the voltage between and VqC- ' s fl roa,or than V. 

G. When 10 lead uA723 devices are used in applications requiring Vjj. an external 6.2 V 

regulator diode must be connected in series with the Vq terminal. 

ADJUSTABLE OUTPUT CIRCUITS 
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TYPES uA723M. uA723C 
PRECISION VOLTAGE REGULATORS 








Vcc- 






OUT 




V* 




CL 




CS 


HQH- 


mv 


MV 




COMP 



TYPICAL APPLICATION DATA 



n SC fltflULATEO 
OUTPUT, Vq 



R3 



Rl » R7 



»pf minimum *ivo 



B. R3 may be aliminated for minimum 
compononi count. Use direct con- 
nection (i.e., R3 « 0). 

FIGURE 1-BASIC LOW-VOLTAGE REGULATOR 
1V = 2 TO 7 VOLTS) 



Vr C . 


v c 




QUI 




V* 




CL 




CS 




MV 


INV 


Vcc- 


comp 



tILGULATCG 
* OUTPUT, V 



NOTES. A 
B 



R3 - 



Rl ■ R'J 



■ tap minimum »* 



VO 



R» • RV 

R3 may bo eliminated for minimum 
component count. Use direct con- 
nection (i.e., R3 ■ 0). 

FIGURE 2-BASIC HIGH-VOLTAGE REGULATOR 
(Vq - 7 TO 37 VOLTS) 


















LiUT 
Vi 

CL 












CS 




ft SC 
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FIGURE 3— NEGATIVE-VOLTAGE REGULATOR 



FIGURE 4-POSITIVE-VOLTAGE REGULATOR 
(EXTERNAL N-P-N- PASS TRANSISTOR) 
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FIGURE 5-POSIT1VE-VOLTAGE REGULATOR 
(EXTERNAL P-N-P PASS TRANSISTOR) 



FIGURE 6— FOLDBACK CURRENT LIMITING 
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TYPES UA723M, uA723C 
PRECISION VOLTAGE REGULATORS 



TYPICAL APPLICATION DATA 



>1N1826 
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3kn 
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t — r 



vcc+ Vc 
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V(ref) V Z 
CL 

cs 

jNV INV 
VCC- COMP 



2NS241 
(Sm Net* 7> 



REGULATED 
"° OUTPUT, V 



FIGURE 7-POSITIVE FLOATING REGULATOR 




_ REGULATED 
■ OUTPUT, 



FIGURE 9-POSITIVE SWITCHING REGULATOR 
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INPUT FROM 
SERIES 54/74 LOGIC 



NOTE A: Current limit transistor may ba usad lor shutdown 
if current limiting Is not required. 

FIGURE 11— REMOTE SHUTDOWN REGULATOR WITH 
CURRENT LIMITING 
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FIGURE 8— NEGATIVE FLOATING REGULATOR 
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FIGURE 10-NE NATIVE SWITCHING REGULATOR 
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FIGURE 12-SHUNT REGULATOR 



NOTES: 6. For negative output voltages less than 9 V, v^r-. and Vrj must be connected to a positive supply such that the voltage between 
Vcc+ and ^cc- 15 grater than 9 V. 

7. When 10-load uA723 devices are used in applications requiring V z , an external 6.2-V regulator diode must be connected In series 
with the Vq terminal, 

8. L is 40 turns of No. 20 enameled copper wire wound on Ferroxcube P36/22-3B7 potted core, or equivalent, with 0.009-inch air 

gap- 



„ H Texas Instruments 

2-1SB 



I NCORPOR AT E D 
POST OFFICE BOX 22 50 1 3 • DALLAS. TEXAS 75265 



LINEAR 

INTEGRATED CIRCUITS 



SERIES uA7800 
POSITIVE-VOLTAGE REGULATORS 

D2154, MAY 1976-REVISED DECEMBER 1982 



3-Terminal Regulators 

Output Current up to 1 .5 A 

No External Components 

Internal Thermal Overload Protection 

High Power Dissipation Capability 

Internal Short-Circuit Current Limiting 

Output Transistor Safe-Area Compensation 

Direct replacements for Fairchild ^iA7800 Series 



m niw 1 MA 1 




OUTPUT 


DCfil II ATflD 


VU L 1 Mot 






. . a inner 


6 V 


uA7806C 


8 V 


uA7808C 


8.5 V 


UA7885C 


10 V 


UA7810C 


12 V 


UA7812C 


15 V 


uA7815C 


18 V 


UA7818C 


24 V 


UA7824C 



KC PACKAGE 



description 



This series of fixed-voltage monolithic integrated- 
circuit voltage regulators is designed for a wide range 
of applications. These applications include on-card 
regulation for elimination of noise and distribution 
problems associated with single-point regulation. Each 
of these regulators can deliver up to 1.5 amperes of 
output current. The internal current limiting and 
thermal shutdown features of these regulators make 
them essentially immune to overload. In addition to 
use as fixed-voltage regulators, these devices can be 
used with external components to obtain adjustable 
output voltages and currents and also as the power- 
pass element in precision regulators. 



(TOP VIEW) 



THE COMMON TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 
TO-220AB 




schematic 




Resistor values ihown aro nominal and In ohms. 
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SERIES UA7800 

POSITIVE-VOLTAGE REGULATORS 



absolute maximum ratings over operating temperature range (unless otherwise noted) 





uA79 c 


UNIT 


Input voltage 


uA7824C 


40 


V 


All others 


35 


Continuous total dissipation at 25 J C free-air temperature (see Note 1 ) 


2 


W 


Continuous total dissipation at {or below) 25 J C case temperature (see Note 1 ) 


15 


W 


Operating free-air, case, or virtual junction temperature range 


Oto 150 


e C 


Storage temperature range 


-65 to 150 


"C 


Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 


260 


"C 



Note 1 : For operation abovo 25' C free-air or case temperature, rofor to Dissipation Derating Curves, Figure 1 and Figuro 2. 
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DISSIPATION DERATING CURVE 
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FIGURE 2 



recommended operating conditions 





MIN 


MAX 


UNIT 




uA7805C 


7 


25 






uA7806C 


8 


25 






UA7808C 


10,5 


25 






UA7885C 


10.5 


25 




Input voltage, V| 


UA7810C 


12.5 


28 


V 


UA7812C 


14.5 


30 




uA7815C 


17.5 


30 






UA7818C 


21 


33 






uA7824C 


27 


38 




Output current, \q 


1.5 


A 


Operating virtual junction temperature, Tj 





125 


°C 
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TYPES uA7805C. uA7806C 
POSITIVE-VOLTAGE REGULATORS 



UA7805C electrical characteristics at specified virtual junction temperature, 
V| = 10 V, Iq = 500 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


uA7805C 


UNIT 


MIN 


TYP 


MAX 






25° C 


4.8 


5 


5.2 




Output voltage 


Iq = b mA to l A, V | » / v to V , 
P < 1 5 W 


0°C to 125°C 


4.75 




5.25 


V 


Input regulation 


V | — /V 10 V 


25' C 




3 


100 


mV 


w. _ o w low 

V | — O V lO 1 £. V 


1 50 


Ripple rejection 


V| - o V to lo V, 1 ■ lzU HZ 


U L, tO 1 ZD Kr 


62 


78 




dB 


Output regulation 


1(3 = 5 mA to 1 .5 A 


25° C 




15 


100 


mV 


lO = 250 mA to 750 mA 




5 


50 


Output resistance 


f = 1 kHz 


C to 125°C 


0.017 


tt 


Temperature coefficient 
of output voltage 


lO = 5 mA 


0°C to 125"C 


-1.1 


mV/"C 


Output noise voltage 


f = 10 Hz to 100 kHz 


25° C 


40 


MV 


Dropout voltage 


l = 1 A 


25° C 


2.0 


V 


Bias current 




25° C 




4.2 


8 


mA 


Bias current change 


V| = 7 V to 25 V 


O'C to 125°C 


1.3 


mA 


Iq = 5 mA to 1 A 


0.5 


Short-circuit output current 




25" C 


750 


mA 


Peak output current 




25° C 


2.2 


A 



uA7806C electrical characteristics at specified virtual junction temperature, 
Vj = 11 V, Iq = 500 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


UA7806C 


UNIT 


MIN 


TYP 


MAX 






25° C 


5.75 


6 


6.25 




Output voltage 


lO - 5 mA to 1 A, V| ■> 8 V to 21 V, 
P< 15W 


2 C to 125°C 


5.7 




6.3 


V 


Input regulation 


V] = 8 V to 25 V 


25 C C 




5 


120 


mV 


V| = 9 V to 13 V 




1.5 


60 


Ripple rejection 


V] = 9 V to 19 V, f 120 Hz 


5 C to 125°C 


59 


75 




dB 


Output regulation 


lO ■ 5 mA to 1.5 A 


25° C 




14 


120 


mV 


lO = 250 mA to 750 mA 




4 


60 


Output resistance 


f = 1 kHz 


0°C to 125°C 


0.019 


n 


Temperature coefficient 
of output voltage 


lO 31 5 mA 


0°C to 125°C 


-0.8 


mV/'C 


Output noise voltage 


f = 10 Hz to 100 kHz 


25 U C 


45 


MV 


Dropout voltage 


l = 1 A 


25° C 


2.0 


V 


Bias current 




25° C 




4.3 


8 


mA 


Bias current change 


V| = 8 V to 25 V 


0°C to 125°C 


1.3 


mA 


Iq = 5 mA to 1 A 


0.5 


Short-circuit output current 




25" C 


550 


mA 


Peak output current 




25° C 


2.2 


A 



r AH choractor istics are measured with a capacitor across the input of 0.33 uF and a capacitor across tho output o* 0.1 jjF. All character 
istics except noise voltage and ripple rejection ratio are measured using pulse techniques <t w < 10 mi, duty cycle < 5%). Output voltage 
changes due to changes in internal temperature must be taken Into account separately. 
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TYPES UA7808C, uA7885C 
POSITIVE-VOLTAGE REGULATORS 



uA7808C electrical characteristics at specified virtual junction temperature, 
V| = 14 V, Iq = 500 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


UA7808C 


UNIT 


MIN TYP 


MAX 






25° C 


7.7 8 


8.3 




Output voltage 


Ifj " 5 mA to 1 A, V| = 10.5 V to 23 V, 
P < 15 W 


E C to 125°C 


7.6 


8.4 


V 


Input regulation 


V| - 10.5 V to 25 V 


25° C 


6 


160 


mV 


V| - 11 V to 17 V 


2 


80 


Ripple rejection 


V| m 11.5 V to 21.5 V, f = 120 Hz 


0°C to 125'C 


56 72 


dB 


Output regulation 


Irj " 5 mA to 1.5 A 


25° C 


12 


160 


mV 


10 " 250 mA to 750 mA 


4 


80 


Output resistance 


f - 1 kHz 


0'C to 125°C 


0.016 


n 


Temperature coefficient 
of output voltage 


lrj-5 mA 


C C to 125^ 


-0.8 


mV/°C 


Output noise voltage 


f - 10 Hz to 100 kHz 


25° C 


52 


MV 


Dropout voltage 


"O- 1 A 


25 U C 


2.0 


V 


Bias current 




25° C 


4.3 8 


mA 


Bias current change 


V, - 10.5 V to 25 V 


0°C to 125°C 


1 


mA 


Iq B 5 mA to 1 A 


0.5 


Short-circuit output current 




25° C 


450 


mA 


Peak output current 




25° C 


2.2 


A 



uA7885C electrical characteristics at specified virtual junction temperature, 
V| = 15 V, Iq = 500 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


UA7885C 


UNIT 


MIN TYP MAX 


Output voltage 




25* C 


8.15 8.5 8.85 


V 


tO - 5 mA to 1 A, V t = 1 1 V to 23.5 V, 
P < 15 W 


0°C to 125°C 


8.1 8.9 


Input regulation 


V| - 10.5 V to 25 V 


25° C 


6 170 


mV 


V| - 11 V to 17 V 


2 85 


Ripple rejection 


V ( - 11.5 V to 21.5 V, f - 120 Hz 


0°C to 125 & C 


54 70 


dB 


Output regulation 


|0 ■ 5 mA to 1.5 A 


25° C 


12 170 


mV 


Iq *" 250 mA to 750 mA 


4 85 


Output resistance 


f - 1 kHz 


0°C to 125°C 


0.016 


n 


Temperature coefficient 
of output voltage 


Iq » 5 mA 


0°C to 125 = C 


-0.8 


mV/*C 


Output noise voltage 


f 10 Hz to 100 kHz 


25° C 


55 


MV 


Dropout voltage 


■ O- 1 A 


25° C 


2,0 


V 


Bias current 




25° C 


4.3 8 


mA 


Bias current change 


V| - 10.5 V to 25 V 


C C to 125°C 


1 


mA 


'0- D 5 mA to 1 A 


0.5 


Short-circuit output current 




25° C 


450 


mA 


Peak output current 




25° C 


2.2 


A 



All characteristics are measurod with a capacitor across the input of 0.33 and a capacitor across the output of 0.1 All character- 
istics except noise voltage and ripple rejection ratio are measured using pulse techniques (t w < 10 ms, duty cycle < 5%). Output voltago 
changes due to changes in Internal temperature must be taken into account separately. 
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TYPES UA7810C, uA7812C 
POSITIVE-VOLTAGE REGULATORS 



uA7810C electrical characteristics at specified virtual junction temperature, 
Vj = 17 V, Iq = 500 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


UA7810C 


UNIT 


MIN 


TYP 


MAX 






25° C 


9.6 


10 


10.4 




Output voltage 


Iq " 5 mA to 1 A, 
P < 15 W 


V| ■ 12.5 V to 25 V, 




9.5 


10 


10.5 


V 


Input regulation 


V| - 12.5 V to 28 V 


25° C 




7 


200 




V| - 14 V to 20 V 




2 


100 


Ripple rejection 


V| - 13 V to 23 V, 


f - 120 Hz 


C to 125"C 


55 


71 




dB 


Output regulation 


lO * 5 mA to 1 .5 A 


25° C 




12 


200 


mV 


lO " 250 mA to 750 mA 




4 


100 


Output resistance 


f = 1 kHz 


O'C to 125°C 


0.018 


n 


Temperature coefficient 
of output voltage 


Iq " 5 mA 


0°C to 125"C 


-1.0 


mV/*C 


Output noise voltage 


f = 10 Hz to 100 kHz 


25° C 


70 


*iV 


Dropout voltage 


1 « 1 A 


25° C 


2.0 


V 


Bias current 




25° C 




4.3 


8 


mA 


Bias current change 


V| - 12.5 V to 28 V 


0°C to 125°C 


1 


mA 


Iq " 5 mA to 1 A 


0.5 


Short-circuit output current 




25° C 


400 


mA 


Peak output current 




25° C 


2.2 


A 



uA7812C electrical characteristics at specified virtual junction temperature, 
V. = 19 V, l n = 500 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


UA7812C 


UNIT 


MIN 


TYP 


MAX 






25° C 


11.5 


12 


12.5 




Output voltage 


l - 5 mA to 1 A, V| - 14.5 V to 27 V, 
P < 15 W 


0°C id 125°C 


11.4 




12.6 


V 


Input regulation 


V| - 14.5 V to 30 V 


25° C 




10 


240 


mV 


V| - 16 V to 22 V 




3 


120 


Ripple rejection 


V| - 15 V to 25 V, f- 120 Hz 


0°C to 125 J C 


55 


71 




dB 


Output regulation 


Iq ■ 5 rnA to 1.5 A 


25° C 




12 


240 


mV 


lO " 250 mA to 750 mA 




4 


120 


Output resistance 


1 = 1 kHz 


Q°C to 125°C 


0.018 


n 


Temperature coefficient 
of output voltage 


Iq • 5 mA 


0°C to 125 J C 


-1.0 


mV/°C 


Output noise voltage 


f » 10 Hz to 100 kHz 


25° C 


75 


MV 


Dropout voltage 


t = 1 A 


25° C 


2.0 


V 


Bias current 




25° C 




4.3 


8 


mA 


Bias current chango 


V| - 14.5 V to 30 V 


0°C to 125°C 


1 


mA 


Iq ■ 5 mA to 1 A 


0.5 


Short-circuit output current 




25 U C 


350 


mA 


Peak output current 




25° C 


2.2 


A 



All characteristics are measured with a capacitor across the input of 0.33 pF and a capacitor acrois tho output of 0.1 jjF, All character 
III ics except noiso voltage and rip pi o rojoction ratio are moaiu rod using pulse techniques d w < 10 mi, duty cycle < 5%). Output voltage 
changes duo to changes In internal temperature must bo taken Into account saporatoly. 
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TYPES UA7815C, uA7818C 
POSITIVE-VOLTAGE REGULATORS 



uA7815C electrical characteristics at specified virtual junction temperature, 
Vj = 23 V, Iq = 500 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


UA7815C 


UNIT 


MIN TYP MAX 


Output voltage 




25° C 


14.4 15 15.6 


V 


l -5mAio1 A, V| 17.5 V to 30 V, 
P < 15 W 


0°C to 125°C 


14,25 15.75 


Input regulation 


V| - 17.5 V to 30 V 


25° C 


11 300 


mV 


V| - 20 V to 26 V 


3 150 


Ripple rejection 


Vi = 18.5 V to 28.5 V. f- 120 Hz 


0°Cto 125°C 


54 70 


dB 


Output regulation 


lO = 5 mA to 1.5 A 


25° C 


12 300 


mV 


Iq = 250 mA to 750 mA 


4 150 


Output resistance 


f = 1 kHz 


C to 125 C 


0.019 


SI 


Temperature coefficient 
of output voltage 


lO = 5 mA 


0°C to 125°C 


-1.0 


mV/°C 


Output noise voltage 


f - 10 Hz to 100 kHz 


25 a C 


90 


*v 


Dropout voltage 


l - 1 A 


25 ; C 


2.0 


V 


Bias current 




25" C 


4.4 8 


mA 


Bias current change 


V( = 17.5Vto30V 


0°C to 125°C 


1 


mA 


Iq " 5 mA to 1 A 


0.5 


Short-circuit output current 




25 C 


230 


mA 


Peak output current 




25° C 


2.1 


A 



uA7818C electrical characteristics at specified virtual junction temperature, 
Vj = 27 V, Iq = 500 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


UA7818C 


UNIT 


MIN TYP 


MAX 






25° C 


17.3 18 


18.7 




Output voltage 


lO D 5 mA to 1 A, V| - 21 V to 33 V, 
P < 15 W 


0°Cto 125°C 


17.1 


18.9 


V 


Input regulation 


V| - 21 V to 33 V 


25' C 


15 


360 


mV 


V| - 24 V to 30 V 


5 


180 


Ripple rejection 


V| =22Vto32V, f- 120 Hz 


O^C to 125"C 


53 69 


dB 


Output regulation 


Ifj " 5 mA to 1 .5 A 


25°C 


12 


360 


mV 


Ifj = 250 mA to 750 mA 


4 


180 


Output resistance 


f = 1 kHz 


C to 125 C 


0.022 


n 


Temperature coefficient 
of output voltage 


Iq - 5 mA 


D C to 125' C 


-1.0 


mV/X 


Output noise voltage 


f = 10 Hz to 100 kHz 


25° C 


1 10 


PV 


Dropout voltage 


l = l A 


25 & C 


2.0 


V 


Bias current 


25° C 


4.5 


S 


mA 


Bias current change 


V| = 21 V to 33 V 


0°C to 125°C 


1 


mA 


Iq " 5 mA to 1 A 


0.5 




Short-circuit output current 


25 U C 


200 


mA 


Peak output current 


25° C 


2.1 


A 



All characteristics oro moatured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0. 1 juF. AM character 
istics except noise vol toga and ripple rejection ratio are measured using pulse techniques (t w < 10 ms, duty cycle < 5%). Output voltage 
changes due to changes in internal temperature must be taken Inlo account separately. 
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TYPES UA7822C, uA7824C 
POSITIVE-VOLTAGE REGULATORS 



uA7824C electrical characteristics at specified virtual junction temperature, 
V, = 33 V, l n = 500 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 1 


uA7824C 


UNIT 


MIN TYP MAX 


Output voltage 




25° C 


23 24 25 


V 


Irj ■ 5 mA to 1 A, V| = 27 V to 38 V, 
P 15 W 


0"C to 125°C 


22.8 25.2 


Input regulation 


Vi » 27 V to 38 V 


25° C 


18 480 


mV 


V| 30 V to 36 V 


6 240 


Ripple rejection 


V| - 28 V to 38 V. f = 120 Hz 


J C to 125°C 


50 66 


dB 


Output regulation 


lO = 5 mA to 1 .5 A 


25° C 


12 480 


mV 


\Q » 250 mA to 750 mA 


4 240 


Output resistance 


f 1 kHz 


C to 125"C 


0.028 


U 


Temperature coefficient 
of output voltage 


Iq - 5 mA 


0'C to 125 D C 


-1.5 


mV/*C 


Output noise voltage 


f 10 Hz to 100 kHz 


25° C 


170 


^V 


Dropout voltage 


10 1 A 


25° C 


2.0 


V 


Bias current 




25° C 


4.6 8 


mA 


Bias current change 


V[ 27 V to 38 V 


0°C to 125°C 


1 


mA 


Iq 5 mA to 1 A 


0.5 


Short-circuit output current 




25 C 


150 


mA 


Peak output current 




25" C 


2.1 


A 



'All characteristics are measured with a capacitor across tho input of 0.33 uF and a capacitor across the output of 0.1 jjF. All character- 
istics except noise voltage and ripple rejection ratio ore measured using pulse techniques (t w < 10 ms, duty cycle < 5%). Output voltage 
changes due to changes in internal temperature must bo taken into account separately. 
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2 



2166 



LINEAR 

INTEGRATED CIRCUITS 



SERIES UA78L00 
POSITIVE-VOLTAGE REGULATORS 

02203. JANUARY 1976-REVISED APRIL 1977 



3-Terminal Regulators 


NOMINAL 


5% 


10% 


Output Current up to 100 mA 


OUTPUT 


OUTPUT VOLTAGE 


OUTPUT VOLTAGE 


VOLTAGE 


TOLERANCE 


TOLERANCE 


No External Components 


2.6 V 


UA78L02AC 


UA78L02C 


I ntPrnal Thprmal Ov/PrlnnH PrntPrtinn 


5 V 


UA78L05AC 


uA78L05C 




6.2 V 


UA78L06AC 


UA78L06C 


Unusually High Power Dissipation Capability 


8 V 


UA78L08AC 


UA78L08C 


Internal Short-Circuit Current Limiting 


9 V 


uA78L09AC 


uA78L09C 


10 V 


UA78L10AC 


uA78L10C 


Direct Replacement for Fairchild uA78L00 Series 


12 V 


UA78L12AC 


□A78L12C 




15 V 


uA78L15AC 


uA78L15C 




JG 




LP 



description 



This series of fixed-voltage monolithic integrated- 
circuit voltage regulators is designed for a wide range 
of applications. These applications include oncard 
regulation for elimination of noise and distribution 
problems associated with single point regulation. In 
addition, they can be used with power-pass elements 
to make high-current voltage regulators. One of these 
regulators can deliver up to 100 mA of output 
current. The internal current limiting and thermal 
shutdown features of these regulators make them 
essentially immune to overload. When used as a 
replacement for a Zener-diode— resistor combination, 
an effective improvement in output impedance of 
typically two orders of magnitude can be obtained 
together with lower bias current. 



schematic 



DUAL-IN-LINE PACKAGE 



(TOP VIEW) 
OUTPUT 




NC NC NC 




SILECT PACKAGE 



(TOP VIEW) 



d 


INPUT 


n 


COMMON 


n 


OUTPUT 



OCI 



NC - No internal connection 




Mia I* | ^ j. m ■ 
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SERIES UA78L00 

POSITIVE-VOLTAGE REGULATORS 



absolute maximum ratings over operating temperature range (unless otherwise noted) 





UA78L02AC, uA78L02C 

THRU 
UA78L10AC. UA78L10C 


uA78L 12AC, uA78L12C 
uA78L15AC. uA78L15C 


UNIT 


Input voltage 


30 


35 


V 


Continuous total dissipation at 25 C free air temperature Isee Note 1 ) 


JG package 


825 


825 


mW 


LP package 


775 


775 


Continuous total dissipation at lor below) 25 C case temperature Isee Note 1 1 


1600 


1600 


mW 


Operating free-air, case, or virtual junction temperature range 


to 150 


to 1 50 


°C 


Storage temperature range 


-65 to 150 


-65 to 150 


°C 


Lead temperature 1/16 inch from case for 10 second* 


260 


260 


"C 



NOTE 1 : F or operation above 25 C f mo-air or case tempgrnture, refer to Dissipation Derating Curves, Figure 1 and Figure 2. 



FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



CASE TEMPERATURE 
DISSIPATION DERATING CURVE 



1000 
900 
800 
700 
600 
500 
400 
300 
200 
100 



^5 



I I I 

JG package 
"Derating factor = 6.6 mW/°C~ 
-RflJA^151 °C/W 



JG 



LP 



LP package 

Derating factor = 6.2 mW/°C 
R0JA * 160°C/W 
See Note 2 

I ! \ 




25 



50 75 100 125 150 
T/\— Free*Air Temperature— °C 
FIGURE 1 



NOTE 2 This curve lor the LP oackatju is based on thermal resistance, 
Tho bottom of the package was 3/8 inch above the socket. 



2000 
1800 
1600 
1400 
1200 
1000 
800 
600 
400 
200 


























\ 


\ 






JG pack 


age ^ 


\ 


v 




ueraung tactor - 
17.2 mW/ c C 
above 57°C 








jg\ 














s 


LP package 






A 


"Derating factor = 

above 94°C 

R0JC^35 o C/W 
i 


28.6 mW/ C 
i 


\\ 



25 50 75 100 125 ISO 
Tq— Case Temperature— °C 
FIGURE 2 

oasured in still air with ihe device mounted in an Augat socket. 



recommended operating conditions 





MIN 


MAX 


UNIT 




UA78L02C, UA78L02AC 


1.75 


20 






UA78L05C. uA78L05AC 


7 


20 






uA78L06C, UA78L06AC 


8.5 


20 




Input voltage, V| 


UA78L08C, UA78L08AC 


10.5 


23 


V 


uA78L09C, uA73L09AC 


11.5 


24 




UA78L10C, uA78L10AC 


12.5 


25 






UA78L12C, UA78L12AC 


14.5 


27 






uA78L15C,uA78L15AC 


17.5 


30 




Output current, Iq 




100 


mA 


Operating virtual junction temperature, Tj 







125 


°C 
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SERIES UA78L00 
POSITIVE-VOLTAGE REGULATORS 



uA78L02AC, uA78L02C electrical characteristics at specified virtual junction temperature, 
V| = 9 V, Iq = 40 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


uA78LD2AC 


UA78L02C 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


Output voltage 




25' C 


2.5 2.6 2.7 


2.4 2.6 2.8 


V 


V| ■ 4.75 V to 20 V, Iq = 1 mA to 40 mA 


0°C to 125"C 


2.45 2.75 


2.35 2.85 


Iq - 1 mA to 70 mA 


2.45 2.75 


2,35 235 


Input regulation 


V, - 4.75 V to 20 V 


25 Q C 


20 100 


20 1 25 


mV 


V| - 5 V to 20 V 


16 75 


16 100 


Ripple rejection 


V| - 6 V to 16 V, f =120 Hz 


25 C 


43 51 


42 51 


dB 


Output regulation 


Iq ■ 1 mA to 100 mA 


25" C 


12 50 


12 50 


mV 


Iq ■ 1 mA to 40 mA 


6 25 


6 25 


Output noise voltage 


f - 10Hz to 100 kHz 


25" C 


30 


30 


PV 


Dropout voltage 




25 C 


1.7 


1.7 


V 


Bias current 




25° C 


3.6 6 


3.6 6 


mA 


125C 


5.5 


5.5 


Bias current change 


V t - 5 V to 20 V 


C to 125°C 


2.5 


2.5 


mA 


Iq - 1 mA to 40 mA 


0.1 


0.2 



JA78L05AC, uA78L05C electrical characteristics at specified virtual junction temperature, 
V| = 10 V, Iq = 40 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


UA78L05AC 


UA78L05C 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 






25° C 


4.8 


5 


5.2 


4.6 


5 


5.4 




Output voltage 


V| - 7 V to 20 V, Iq = 1 mA to 40 mA 


0"C to 125*C 


4.75 




5.25 


4.5 




5.5 


V 




'O ™ 1 m A to 70 mA 


4.75 




5.25 


4.5 




5.5 




Input regulation 


V, - 7 V to 20 V 


25° C 




32 


150 




32 


200 


mV 


V| - 8 V to 20 V 




26 


100 




26 


150 


Ripple rejection 


V| - 8 V to 18 V, f = 120 Hz 


25° C 


41 


49 




40 


49 




dB 


Output regulation 


l " 1 mA to 100 mA 


25° C 




15 


60 




15 


60 


mV 


lO " 1 mA to 40 mA 


8 30 


8 30 


Output noise voltage 


( - 10 Hz to 100 kHz 


25° C 


42 


42 


uV 


Dropout voltage 




25" C 


1.7 


1.7 


V 


Bias current 




25° C 




3.8 


6 




3.8 


6 


mA 




125°C 


5.5 


5.5 


Bias current change 


V, - 8 V to 20 V 


D C to 125"C 


1.5 


1.5 


mA 


Iq ■ 1 mA to 40 mA 


0.1 


0.2 



1 All characteristics are moasurod with a capacitor across tho Input of Q.33 LtF and a capacitor ucross the output of 0.1 UF . All characteristics 
rxcept noiso voltage and ripple rojoction ratio aro measured using pulso techniques (t w < 10 mi, duty cycle < S%). Output voltage changes 
duo ia changes in internal temporature must be taken into account separately. 
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SERIES UA78L00 

POSITIVE-VOLTAGE REGULATORS 



uA78L06AC, uA78L06C electrical characteristics at specified virtual junction temperature, 
V| = 12 V, Iq = 40 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


UA78L06AC 


UA78L06C 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


Output voltage 




25" C 


5.95 6,2 6.45 


5.7 6.2 6.7 


V 


V] - 8.5 V to 20 V, l ■ 1 mA to 40 mA 


Cto 125' C 


5.9 6.5 


5.6 6.8 


Iq " 1 mA to 70 mA 


5.9 6.5 


5.6 6.8 


Input regulation 


V, - 8.5 V to 20 V 


25' C 


35 175 


35 200 


mV 


V| -9 V to 20 V 


29 125 


29 150 


Ripple rejection 


V| « 10 V to 20 V, f - 120 Hz 


25° C 


40 48 


39 48 


dB 


Output regulation 


lO" 1 mA to 100 mA 


25 3 C 


16 80 


16 80 


mV 


Iq " 1 mA to 40 mA 


9 40 


9 40 


Output noise voltage 


f = 10 Hz to 100 kHz 


25 C 


46 


46 


"V 


Dropout voltage 




25" C 


1.7 


1.7 


V 


Bias current 




25 C 


3.9 6 


3.9 6 


mA 


125 J C 


5.5 


5.5 


Bias current change 


V| =9 V to 20 V 


0'C to 125"C 


1.5 


1.5 


mA 


Iq - 1 mA to 40 mA 


0.1 


0.2 



uA78L08AC, uA78L08C electrical characteristics at specified virtual junction temperature, 
V| = 14 V f Iq = 40 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


UA78L08AC 


UA78L08C 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 






25 J C 


7.7 


8 


8.3 


7.36 


8 


8.64 




Output voltage 


V| - 10.5 V to 23 V, l - 1mA to 40 mA 


0°C to 125 J C 


7.6 




8.4 


7.2 




8.8 


V 




Iq " 1 mA to 70 mA 


7.6 




8.4 


7.2 




8.8 




Input regulation 


V, - 10.5 V to 23 V 


25 C 




42 


175 




42 


200 


mV 


V| - 11 V to 23 V 




36 


125 




36 


150 


Ripple rejection 


V|»13V to 23 V, i - 120 Hz 


25° C 


37 


46 




36 


46 




dB 


Output regulation 


Iq " 1 mA to 100 mA 


25° C 




18 


80 




18 


B0 


mV 


lO - 1 mA to 40 mA 




10 


40 




10 


40 


Output noise voltage 


f - 10 Hz to 100 kHz 


25 U C 


54 


54 


nV 


Dropout voltage 




25° C 


1.7 


1.7 


V 


Bias current 




25 C 




4 


6 




4 


6 


mA 




125°C 


5.5 


5.5 


Bias current change 


V| - 11 V to 23 V 


C to 125C 


1.5 


1.5 


mA 


Iq " 1 mA to 40 mA 


0.1 


0.2 



All characteristics are measured with a capacitor across (ho inpul of 0.33 jif and a capacitor across the output ol 0.1 uF . All choract@ris.tics 
except noise valtfigo and ripple rejoction ratio are measured using pulso techniques (t w < 10 ms, duty cycle < G%). Output voltage changes 
due to changes in internal temperature must be taken into account separately. 
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SERIES UA78L00 
POSITIVE-VOLTAGE REGULATORS 



uA78L09AC, uA78L09C electrical characteristics at specified virtual junction temperature, 
V| = 16 V, Iq = 40 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


uA78L09AC 


uA78L09C 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 






25° C 


8.6 


9 


9.4 


8.3 


9 


9.7 




Output voltage 


v| - u V IO V, ' 1 m " 10 ^ m " 


OTC to 125'C 


8.55 




9.45 


8.1 




9.9 


V 




Iq ■ 1 mA to 70 mA 


8.55 




9.45 


8.1 




9.9 




Input regulation 


V| - 12 V to 24 V 


25" C 




45 


175 




45 


225 


mV 


V| 13 V to 24 V 




40 


125 




40 


175 


Ripple rejection 


V| « 13 V to 24 V, f 120 H* 


25 J C 


37 


45 




36 


45 




dB 


Output regulation 


Iq " 1 mA to 100 mA 


25C 


19 90 


19 90 


mV 


Iq ' 1 mA to 40 mA 




1 1 


40 




1 1 


40 


Output noise voltage 


f - 10 Hz to 100 kHz 


25TC 


58 


58 


mV 


Dropout voltage 




25 J C 


1.7 


1.7 


V 


Bias current 




25° C 




4.1 


6 




4.1 


6 


mA 




125 k C 


5.5 


5.5 


Bias current change 


V| - 13 V to 24 V 


C to 125 C 


1.5 


1.5 


mA 


Iq = 1 mA to 40 mA 


0.1 


0.2 



uA78L10AC, uA78L10C electrical characteristics at specified virtual junction temperature, 
V| = 17 V, Iq = 40 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


uA78L10AC 


UA78L10C 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 






25 C 


9.6 


10 


10.4 


9.2 


10 


10.8 




Output voltage 


V] » 13 V to 25 V, Iq - 1 mA to 40 mA 


C to 125 C 


9.5 




10.5 


9 




10 


V 




lO * 1 m A to 70 mA 


9.5 




10.5 


9 




10 




Input regulation 


V| - 13 V to 25 V 


25C 




51 


175 




51 


225 


mV 


V| = 14 V to 25 V 




42 


125 




42 


175 


Ripple rejection 


V| - 14 V to 25 V, f - 120 Hz 


25 C 


37 


44 




36 


44 




dB 


Output regulation 


1 " 1 mA to 100 mA 


25 C 




20 


90 




20 


90 


mV 


lO ■ 1 mA to 40 mA 




11 


40 




11 


40 


Output noise voltage 


f 10 Hz to 100 kHz 


25'C 


62 


62 


mV 


Dropout voltage 




25" C 


1.7 


1.7 


V 


Bias current 




25 J C 




4.2 


6 




4.2 


6 


mA 




125''C 


5.5 


5.5 


Bias current change 


V| - 14 V to 25 V 


c to ^25 C 


1.5 


1.5 


mA 


Iq a 1 mA to 40 mA 


0.1 


0.2 



1 All characteristics arc measured with a capacitor across the input of 0.33 /iF and a capacitor across the output ot 0. 1 pF . A II characteristics 
except noise voltage and ripple rejection ratio are measured using pulse techniques lt w < 10 mi, duty cycle < 5%). Output voltage changes 
due to changas in intarnal temperature mull be taken into account separately. 
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SERIES UA78L00 

POSITIVE VOLTAGE REGULATORS 



uA78L12AC, uA78L12C electrical characteristics at specified virtual junction temperature, 
V| = 19 V, Iq = 40 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


u A78L1 2AC 


uA78L12C 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


Output voltage 




25 C 


115 12 125 


111 12 129 


v 


V| = 14.5 V to 27 V, Iq = 1 mA to 40 mA 


C to 125 C 


11.4 12.6 


10.8 13.2 


Iq ■ 1 mA to 70 mA 


11.4 12.6 


10.8 13.2 


Input regulation 


Vj = 14.5 V to 27 V 


25" C 


55 250 


55 250 


mV 


V| » 16 V to 27 V 


49 200 


49 200 


Ripple rejection 


V| = 15 V to 25 V, f = 120 Hz 


25 C 


37 42 


36 42 


dB 


Output regulation 


Iq - 1 mA to 100 mA 


25 C 


22 100 


22 100 


mV 


Iq = 1 nriA to 40 mA 


13 50 


13 50 


Output noise voltage 


i - 10 Hz to 100 kHz 


25 C 


70 


70 




Dropout voltage 




25 C 


1.7 


1.7 


V 


Bias current 




25 C 


4.3 6.5 


4.3 6.5 


mA 


125 C 


6 


6 


Bias current change 


V| » 16 V to 27 V 


C to 125 C 


1.5 


1.5 


mA 


Iq B 1 mA to 40 mA 


0.1 


0.2 



uA78L15AC, uA78L15C electrical characteristics at specified virtual junction temperature, 
V| = 23 V, Iq = 40 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


UA78L15AC 


UA78L15C 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 






25 C 


14.4 


15 


15.6 


13.8 


15 


16.2 




Output voltage 


V| - 17.5 V to 30 V, l = 1 mA to 40 mA 


C to 125 C 


14.25 




15.75 


13.5 




16.5 


V 




Iq = 1 mA to 70 mA 


14.25 




15.75 


13.5 




16.5 




Input regulation 


V, « 17.5 V to 30 V 


25 C 


65 300 




65 


300 


mV 


V, = 20 V to 30 V 




58 


250 




58 


250 


Rippte rejection 


V) - 18.5 V to 28.5 V, f = 120 Hz 


25 C 


34 


39 




33 


39 




dB 


Output regulation 


Iq - 1 mA to 100 mA 


25 C 




25 


150 




25 


150 


mV 


Iq ■ 1 mA to 40 mA 




15 


75 




15 


75 


Output noise voltage 


i - 10 Hz to 100 kHz 


25 C 


82 


82 


mV 


Dropout voltage 




25 C 


1.7 


1.7 


V 


Bias current 




25 C 




4.6 


6.5 




4.6 


6.5 


mA 




125 C 


6 


6 


Bias current change 


V, = 20 V to 30 V 


C to 125 C 


1.5 


1.5 


mA 


Iq - 1 mA to 40 mA 


0.1 


0.2 





All characteristics 'ire measured with a capacitor across the input of D 33 uF and a capacitor across tho output of O I /iF All characteristics 
except noiso voltage and ripple reiecnon ratio are measured using pulse technique! (i w ' 10 mi, duty cycle ' 5%). Output voltage changes 
due (o changes in internal temperature must be taken into account separately 
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SERIES UA78M00 
POSITIVE-VOLTAGE REGULATORS 
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• 


3-Terminal Regulators 


NOMINAL 


-55°C to 150°C 


0°C to 125°C 


• 


Output Current up to 500 m A 


OUTPUT 


OPERATING 


OPERATING 




No External Components 


VOLTAGE 


TEMPERATURE RANGE 


TEMPERATURE RANGE 


• 


5 V 


uA78M05M 


UA78M05C 


• 


Internal Thermal Overload Protection 


6 V 


UA78M06M 


UA78M06C 






8V 


uA78M08M 


uA78M08C 


• 


High Power Dissipation Capability 


10 V 


UA78M10M 


UA78M10C 


• 


Internal Short-Circuit Current Limiting 


12 V 


uA78M12M 


UA78M12C 




15 V 


UA78M15M 


UA78M15C 


• 


Output Transistor Safe-Area Compensation 


20 V 


uA78M20M 


uA7BM20C 


• 


Direct Replacements for Fairchild /(A78M00 


24 V 




UA78M24C 




Series and National LM78MXX and LM341 


PACKAGES 


JG 


KG 



Series 
description 

This series of fixed-voltage monolithic integrated- 
circuit voltage regulators is designed for a wide range 
of applications. These applications include on-card 
regulation for elimination of noise and distribution 
problems associated with single-point regulation. Each 
of these regulators can deliver up to 500 milliamperes 
of output current. The internal current limiting and 
thermal shutdown features of these regulators make 
them essentially immune to overload. In addition to 
use as fixed-voltage regulators, these devices can be 
used with external components to obtain adjustable 
output voltages and currents and also as the power 
pass element in precision regulators. 

terminal assignments 

uA78M_M . . . JG PACKAGE 



schematic 




Resistor values shown are nominal ami in ohms 



uA78M_C . . . KC PACKAGE 



COMMON Q 
NCQ 
NCQ 
INPUT £ 



2 7 

3 6 

4 5 



2 NC 
]NC 

J OUTPUT 
] NC 



NC — No internal connection. 



(TOP VIEW) 



THE COMMON TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 

TO-220AB 
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SERIES UA78M00 

POSITIVE VOLTAGE REGULATORS 



absolute maximum ratings over operating temperature range (unless otherwise noted] 





UA78M05M 

THRU 
uA78M24M 


uA78M05C 

THRU 
uA78M24C 


UNIT 


Input voltage 


uA78M20 thru uA78M24 


40 


40 


V 


All others 


35 


35 


Continuous total dissipation at 25 °C free-air temperature 
(see Note 1) 


JG package 


1.05 




W 


KC (TO-220AB) package 




2 


Continuous total dissipation at (or below) 25 °C case temperature 
(see Note 1) 


KC package 




7.5 


W 


Operating free-air, case, or virtual junction temperature range 


-55 to 150 


to 1 50 


°c 


Storage temperature range 


-65 to 150 


-65 to 150 


°c 


Lead temporature 1,6 mm {1/16 inch] from case for 60 seconds 


JG package 


300 




°c 


Lead temperature 1,6 mm (1/16 inch] from case for 10 seconds 


KC package 




260 


°c 



NOTE 1: For operation above 25°C free-air or case lemperaiuro, refer (o Dissipation Derating Curves, Figures 1 through 3, 



recommended operating conditions 





MIN 


MAX 


UNIT 




UA78M05M, UA78M05C 


7 


25 






uA78M06M, uA78M06C 


8 


25 






UA78M08M, uA78M0BC 


10.5 


25 






UA78M10M. UA78M10C 


12.5 


28 




Input voltage, V| 


uA78M12M, uA78M12C 


14.5 


30 


V 




UA78M15M, uA78M15C 


17.5 


30 






UA78M20C 


23 


35 






UA78M24C 


27 


38 




Output current, Irj 


All devices 


500 


mA 


Operating virtual junction temperature, Tj 


UA78M05M thru uA78M15M 


-55 


150 




UA78M05C thru uA78M24C 





125 



2-174 
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uA78M05M, uA78M05C electrical characteristics at specified virtual junction temperature. 
V| = 10 V, Ifj = 350 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


uA78M05M 


uA78M05C 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


Output voltage 




25°C 


4.8 5 5.2 


4.8 5 5.2 


V 


Iq « 5 mA to 350 mA 


V] = 8 V to 20 V 


-55°C to 150°C 


4.7 5.3 




V| = 7 V to 20 V 


0°C to 125°C 




4.75 5.25 


Input regulation 


10 - 200 mA 


V| = 7 V to 25 V 


25 °C 


3 50 


3 100 


mV 


V| = B V to 20 V 


1 25 




V| = 8 V to 25 V 




1 50 


Ripple rejection 


V| = 8 V to 18 V, 
f = 120 Hz 


Iq = 100 mA 


-55°Cto 150°C 


62 




dB 


0°C id 125°C 




62 


Iq - 300 mA 


25°C 


62 80 


62 80 


Output regulation 


lO = 5 mA to 500 mA 


25 °C 


20 50 


20 100 


mV 


lO = 5 mA to 200 mA 


10 25 


10 50 


Temperature coefficient 
of output voltage 


lO = 5 mA 


-55°C to 25°C 


- 2 




mV/°C 


25°C to 150°C 


-1.5 




0°C to 1 25 °C 




-1 


Output noise voltage 


f = 10 Hz to 100 kHz 


25 °C 


40 200 


40 200 




Dropout voltage 




25°C 


2 2.5 


2 2 5 




Bias current 




25 °C 


4.5 7 


4.5 6 


mA 


Bias current change 


l ~ 200 mA, V| ■ 8 V to 25 V 


-55°C to 150°C 


0.8 




mA 


0°C to 125°C 




0.8 


Iq = 5 mA to 350 mA 


-55°C to 150°C 


0.5 




0°C to 125°C 




0.5 


Short-circuit 
output current 


V| = 35 V 


25°C 


300 600 


300 


mA 


Peak output current 




25 °C 


0.5 0.7 1.4 


0.7 


A 



T All characteristics are measured 
rejection ratio are measured using 
separately. 



with a capacitor across the input of 0.33 pF and a capacitor across ihe ouTpui of 0.1 pF. AH characteristics except noise voltage and ripple 
putse techniques (t w s 10 ms, duty cycle s 5%). Output voltage changes due to changes in internal Temperature must be taken into account 
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uA78M06M, uA78M06C electrical characteristics at specified virtual junction temperature, 
V| = 1 1 V, Iq = 350 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS' 


UA78M06M 


UA78M06C 


UNIT 


MIN TYP MAX 


MIN TYP MAX 






25 °C 


5.75 6 6.25 


5.75 6 6.25 


V 


Output voltage 


Iq = 5 mA to 350 mA 


V| = 9 V to 21 V 


-55 D C to 150°C 


5.7 6.3 




V| = 8 V to 21 V 


0°C to 125°C 




5.7 6.3 


Input regulation 


Iq = 200 mA 


V| = 8 V to 25 V 


25°C 


5 60 


5 100 


mV 


V t - 9 V to 20 V 


1.5 30 




V| = 9 V to 25 V 




1.5 50 


Ripple rejection 


V| « 9 V to 19 V, 
f = 1 20 Hz 


10 - 100 mA 


-55°C to 150°C 


59 




dB 


0°C to 125°C 




59 


l = 300 mA 


25°C 


59 80 


59 80 


Output regulation 


lO = 5 mA to 500 mA 


25°C 


20 60 


20 120 


mV 


Iq - 5 mA to 200 mA 


10 30 


10 60 


Temperature coefficient 
of output voltage 


Iq = 5 mA 


-55 °C to 25°C 


— 2.4 




mV/°C 


25°C to 150°C 


-1.8 




0°C to 125°C 




- 1 


Output noise voltage 


f = 10 Hz to 100 kHz 


25°C 


45 240 


45 


,<V 


Dropout voltage 




25°C 


2 2.5 


2 


V 


Bias current 




25°C 


4.5 7 


4.5 6 


mA 


Bias current change 


l ~ 200 mA, V| = 9 V to 25 V 


-55°C to 150°C 


0.8 




mA 


0°C to 125°C 




0.8 


Iq - 5 mA to 350 mA 


-55°C to 150°C 


0.5 




0°C to 125°C 




0.5 


Short-circuit 
output current 


V| = 35 V 


25°C 


270 600 


270 


mA 


Peak output current 




25°C 


0.5 0.7 1.4 


0.7 


A 



'Alt characteristics are measured with a capacitor across the input of 0.33 j»F and 
rejection ratio are measurod using pulse techniques [t w s 10 ms, duty cycle s 5%) 
separately. 



a capacitor across the output ot 0.1 jtF. All characteristics except noiso voltage and ripple 
. Outpui voltage changes duo lo changes in internal temperature must bo takon into account 



uA78M08M f uA78M08C electrical characteristics at specified virtual junction temperature, 
V| = 14 V, Iq = 350 mA (unless otherwise noted) 
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PARAMETER 


TEST CONDITIONS* 


UA78M08M 


UA78M08C 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


Output voltage 




25°C 


7.7 8 8.3 


7.7 8 8.3 


V 


Iq = 5 mA to 350 mA 


V| = 11.5 V to 23 V 


- 55°C to 1 50°C 


7.6 8.4 




V| » 10.5 V to 23 V 


0°C to 125°C 




7.6 8.4 


Input regulation 


l = 200 mA 


V| = 10.5 V to 25 V 


25 °C 


6 60 


6 100 


mV 


V| = 1 1 V to 20 V 


2 30 




V| o 11 V to 25 V 




2 50 


Ripple rejection 


V| = 1 1.5 V to 21.5 V, 
f = 120 Hz 


10 = 100 mA 


- 5fi °C to 1 WC 


56 




dB 


0°C to 1 25°C 




56 


Iq = 300 mA 


25 °C 


56 80 


56 80 


Output regulation 


Iq = 5 mA to 500 mA 


25°C 


25 80 


25 160 


mV 


lO * 5 mA to 200 mA 


10 40 


10 80 


Temperature coefficient 
of output voltage 


Irj = 5 mA 


-55°C to 25°C 


-3.2 




mV/°C 


25°C to 150°C 


-2.4 




0°C to 125°C 




- 1 


Output noise voltage 


f = 10 Hz to 100 kHz 


25°C 


52 320 


52 


,.V 


Dropout voltage 




25°C 


2 2.5 


2 


V 


Bias current 




25°C 


4.6 7 


4.6 6 


mA 


Bias current change 


Iq = 200 mA, 


V| = 11.5 V to 25 V 


-55°C to 150°C 


0.8 




mA 


V| = 10.5 V to 25 V 


0°C to 125°C 




0.8 


Iq * 5 mA to 350 mA 


-55°C to 150°C 


0.5 




0°C to 125°C 




0.5 


Short-circuit 
output current 


V| = 35 V 


25°C 


250 600 


250 


mA 


Peak output current 




25°C 


0.5 0.7 1.4 


0.7 


A 



1 All characteristics are measured with a capacitor across the input of 0.33 fiF and a capacitor across the output of 0. 1 ><F. All characteristics except noise voltage and ripple 
rejection ratio ore measured using pulse techniques |t w s 10 ms, duly cycle s 5%). Output voltage changes due to changes in internal temperature must be taken into account 
separately. 



uA78M1 OM, uA78M10C electrical characteristics at specified virtual junction temperature, 
V| = 17 V, Iq = 350 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS * 


UA78M10M 


UA78M10C 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


Output voltage 




25°C 


9.6 10 10.4 


9.6 10 10.4 


V 


lO - 5 mA to 350 mA 


V| = 13.5 V to 25 V 


- 55°C to 1 50 °C 


9.5 10.5 




V| 12.5 V to 25 V 


U C to 125°C 




9.5 10.5 


Input regulation 


lO = 200 mA 


V, 12.5 V to 28 V 


25°C 


7 60 


7 100 


mV 


V| = 14 V to 20 V 


2 30 




V| = 14 V to 28 V 




2 50 


Ripple rejection 


V| m 15 V to 25 V, 
t m 120 Hz 


l « 100 mA 


-55°C to 150°C 


55 




riB 


0°C to 125°C 




55 


Iq = 300 mA 


25 °C 


55 80 


55 80 


Output regulation 


Iq _ 5 mA to 500 mA 


25 °C 


25 100 


25 200 


mV 


lO = 5 mA to 200 mA 


10 50 


10 100 


Temperature coefficient 
of output vottago 


Irj = 5 mA 


-55°C to 25°C 


-4 




mV/°C 


25°C to 150°C 


-3 




0°C to 125°C 




-1 


Output noise voltage 


f - 10 Hz to 100 kHz 


25°C 


64 


64 


*v 


Dropout voltage 




25 °C 


2 2.5 


2 


V 


Bias current 




25 °C 


4.7 6 


4.7 6 


mA 


Bias current change 


Iq " 200 mA, 


V| = 13.5 V to 28 V 


-55°C to 150°C 
0°C to 125°C 


0.8 




mA 


V| - 12.5 V to 28 V 




0.8 


Iq ■ 5 mA to 350 mA 


-55°C to 150°C 


0.5 




0°C to 125°C 




0.5 


Short-circuit 
output current 


V| = 35 V 


25°C 


245 600 


245 


mA 


Peak output current 




25 °C 


0.5 0.7 1.4 


0.7 


A 



f All characteristics are measured with a capacitor across the input of 0.33 t*F and a capacitor across the output of 0.1 f iF. All characteristics except noiso voltage and ripple 
rejoction ratio aro moosured usin(j pulse techniques (l w s 10ms, duty cycle s 5%). Output vollD(je changes duo to chontjos in internal tomporature must bo taken into account 
separately. 
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uA78M12M, UA78M12C electrical characteristics at specified virtual junction temperature, 
V| = 19 V, Irj = 350 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


uA78M12M 


UA78M12C 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


Output voltage 




25°C 


11.5 12 12.5 


11.5 12 12.5 


V 


Iq = 5 mA to 350 mA 


V| = 15.5 V to 27 V 


-55°C to 150°C 


11.4 12.6 




V| 14.5 V to 27 V 


0°C to 125°C 




11.4 12.6 


Input regulation 


Irj = 200 mA 


V| 14.5 V to 30 V 


25°C 


8 60 


8 100 


mV 


V| = 16 V to 25 V 


2 30 




V| - 16 V to 30 V 




2 50 


Ripple rejection 


V| = 15 V to 25 V, 
f = 120 Hz 


Iq = 100 mA 


-55°C to 150°C 


55 




dB 


0°C to 125°C 




55 


Iq = 300 mA 


25°C 


55 80 


55 80 


Output regulation 


Iq = 5 mA to 500 mA 


25 °C 


25 120 


25 240 


mV 


Iq = 5 mA to 200 mA 


10 60 


10 120 


Temperature coefficient 
of output voltage 


Iq = 5 mA 


-55°C to 25°C 


-4.8 




mV/°C 


25°C to 150°C 


-3.6 




0°C to 125°C 




- 1 


Output noise voltage 


f = 10 Hz to 100 kHz 


25°C 


75 480 


75 


*v 


Dropout voltage 




25°C 


2 2.5 


2 


V 


Bias current 




25 °C 


4.8 7 


4.8 6 


mA 


Bias current change 


Iq = 200 mA. 


V| = 15 V to 30 V 


-55°C to 150°C 


0.8 




mA 


V| - 14.5 V to 30 V 


0°C to 125°C 




0.8 


Iq - 5 mA to 350 mA 


-55°C to 150°C 


0.5 




0°C to 125°C 




0.5 


Short-circuit 
output current 


V| = 35 V 


25°C 


240 600 


240 


mA 


Peak output current 




25°C 


0.5 0.7 1.4 


0.7 


A 



* All characteristics are measured 
rejection ratio are measured using 
separately. 



ith a capacitor across the input of 0.33 jjF and a capacitor across the output of 0.1 jiF. All characteristics except noise voltage and ripple 
putso techniques lt w s 1 ms, duty cycle s 5%). Output voltage changes due to changes in internal lemperaturo must be taken into account 
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uA78M15M, uA78M15C electrical characteristics at specified virtual junction temperature, 
V| = 23 V, Iq = 350 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS' 


UA78M15M 


UA78M15C 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


Output voltage 




25°C 


14.4 15 15.6 


14.4 15 15.6 


V 


Iq = 5 mA to 350 mA 


V| = 18.5 V to 30 V 


-55°C to 150°C 


14.25 15.75 




V| ■ 17.5 V to 30 V 


0°C to 125°C 




14.25 15.75 


Input regulation 


Iq - 200 mA 


V| = 17.5 V to 30 V 


25 °C 


10 60 


10 100 


mV 


V| = 20 V to 30 V 


3 30 


3 50 


Ripple rejection 


V| = 18.5 V to 28.5 V, 
f = 120 Hz 


Iq ~ 100 mA 


-55°C to 150°C 


54 




dB 


0°C to 125°C 




54 


Iq = 300 mA 


25°C 


54 70 


54 70 


Output regulation 


Iq = 5 mA to 500 mA 


25°C 


25 150 


25 300 


mV 


Iq = 5 mA to 200 mA 


10 75 


10 1 50 


Temperature coefficient 
of output voltage 


Iq - 5 mA 


-55°C to 25°C 


-6 




mV/°C 


25°C to 150°C 


-4.5 




0°C to 125°C 




- 1 


Output noise voltage 


f = 10 Hz to 100 kHz 


25°C 


90 600 


90 


,iV 


Dropout voltage 




25°C 


2 2,5 


2 


V 


Bias current 




25°C 


4.8 7 


4.8 6 


mA 


Bias current change 


Iq = 200 mA, 


V| - 18.5 V to 30 V 


-55°C to 150°C 


0.8 




mA 


V| 17.5V to 30 V 


0°C to 125°C 




0.8 


Iq = 5 mA to 350 mA 


-55°C to 150°C 


0.5 




0°C to 125°C 




0.5 


Short-circuit 
output current 


V| = 35 V 


25°C 


240 600 


240 


mA 


Peak output current 




25°C 


0.5 0.7 1.4 


0.7 


A 



'All characteristics are measured with a capacitor across the input of 0.33 jiF and a capacitor across tho output of 0.1 ,jF. All characteristics except noise voltago and ripple 
rojoction ratio are measured using pulse techniques lt w s 10 ms. duty cycle £ 5%l. Output voltago changes duo to changos in intornal tomporaturo must be token into account 
separately. 



UA78M20C electrical characteristics at specified virtual junction temperature, 
V| = 29 V, Iq = 350 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


uA78M20C 


UNIT 


MIN TYP MAX 


Output voltage 




25 °C 


19.2 20 20.8 


V 


lO = S mA to 350 mA, 


Vj = 23 V to 35 V 


0°Cto 125°C 


19 21 


Input regulation 


IQ = 200 mA 


V| = 23 V to 35 V 


25 °C 


10 100 


mV 


V| o 24 V to 35 V 


5 50 


Ripple rejection 


V| = 24 V to 34 V, 
f = 120 Hz 


Iq = 100 mA 


0°C to 125°C 


53 


dB 


Iq = 300 mA 


25 °C 


53 70 


Output regulation 


Iq = 5 mA to 500 mA 


25 °C 


30 400 


mV 


Iq = 5 mA to 200 mA 


10 200 


Temperature coefficient 
of output voltage 


Iq = 5 mA 


0°C to 125°C 


-1.1 


mV/°C 


Output noise voltage 


f = 10 Hz to 100 kHz 


25°C 


110 


mV 


Dropout voltage 




25 °C 


2 


V 


Bias current 




25 °C 


4.9 6 


mA 


Bias current change 


Iq = 200 mA, V| = 23 V to 35 V 


0°C to 125°C 


0.8 


mA 


t0 = 5 mA to 350 mA 


0°C to 125°C 


0.5 


Short-circuit 
output current 


V ( = 35 V 


25 °C 


240 


mA 


Peek output current 




25°C 


0.7 


A 



* All characteristics are measured with & capacitor across the input of 0.33 ^>F and a capacitor across the output of 0.1 *iF. AH characteristics except noise voltage and ripple 
rejection ratio are measured using pulse techniques lt w £ 10 ms, duty cycle £ 5%). Output voltage changes duo to changes tn internal temperature must bo taken into account 
separately. 



uA78M24C electrical characteristics at specified virtual junction temperature, 
V| = 33 V, Ifj = 350 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS T 


UA78M24C 


UNIT 


MIN TYP MAX 


Output Voltage 




25 °C 


23 24 25 


V 


lO ° 6 mA to 350 mA t 


V| = 27 V to 38 V 


0°C to 125°C 


22.8 25.2 


Input regulation 


l o 200 mA 


V| = 27 V to 38 V 




10 100 


mV 


V| ° 28 V to 38 V 


6 50 


Ripple rejection 


V) « 28 V to 38 V. 
f <=> 120 Hz 


lO » 100 mA 


-55°C to 150°C 




dB 


0°C to 125°C 


60 


Iq = 300 mA 


25 °C 


50 70 


Output regulation 


10 - 5 mA to 600 mA 


25 °C 


30 480 


mV 


Iq « 6 mA to 200 mA 


10 240 


Temperature coefficient 
of output voltage 


Iq m 5 mA 


0°C to 125°C 


-1.2 


mV/°C 


Output noise voltage 


f « 10 Hz to 100 kHz 


25°C 


170 


mV 


Dropout voltage 




25 °C 


2 


V 


Bias current 




25 °C 


5 6 


mA 


Bias current change 


10 - 200 mA, V| = 27 V to 38 V 


0°C to 125°C 


0.8 


mA 


Iq « 5 mA to 350 mA 


0°C to 125°C 


0.6 


Short-circuit 
output current 


V| o 35 V 


25 °C 


240 


mA 


Peak output current 




25°C 


0.7 


A 



T AU characteristics are measured with a capacitor across the input ol 0.33 pF and a capacitor across the output of 0.1 ^F. All characteristics except noise voltage and ripple 
rejection ratio ere measured using pulse techniques <t w s 10 ms. duty cycle £ 5%). Output voltage changes due to changes in internal temperature must be taken into account 
separately. 
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LINEAR 

INTEGRATED CIRCUITS 



SERIES UA7900 
NEGATIVE-VOLTAGE REGULATORS 

□2215, JUNE 1976 — RE VISE D JANUARY 1983 



3-Terminal Regulators 

Output Current up to 1.5 A 

No External Components 

Internal Thermal Overload Protection 

High Power Dissipation Capability 

Internal Short-Circuit Current Limiting 

Output Transistor Safe-Area Compensation 

Essentially Equivalent to National LM320 Series 

Direct Replacements for Fairchild uA7900 Series 

and National LM79XX Series 



description 



This series of fixed-negative-voltage monolithic 
integrated-circuit voltage regulators is designed to 
complement Series uA7800 in a wide range of 
applications. These applications include on-card regu- 
lation for elimination of noise and distribution 
problems associated with single-point regulation. Each 
of these regulators can deliver up to 1.5 amperes of 
output current. The internal current limiting and 
thermal shutdown features of these regulators make 
them essentially immune to overload. In addition to 
use as fixed-voltage regulators, these devices can be 
used with external components to obtain adjustable 
output voltages and currents and also as the power 
pass element in precision regulators. 



schematic 




12 V-18 V; R* - 50 n 

5 V-8 V; R* - 150 H 

All component values arc nominal. 




NOMINAL 




OUTPUT 


REGULATOR 


VOLTAGE 




-5 V 


uA7905C 


-5.2 V 


UA7952C 


-6 V 


uA7906C 


-8 V 


UA7908C 


-12 V 


UA7912C 


-15 V 


UA7915C 


-18 V 


UA7918C 


-24 V 


UA7924C 



KC PACKAGE 



(TOP VIEW) 



THE INPUT TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 
TO-220AB 





— OUTPUT 
iJ V 



Copyright © 1983 by Texas Instruments Incorporated 
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SERIES UA7900 

POSITIVE-VOLTAGE REGULATORS 



absolute maximum ratings over operating temperature range (unless otherwise noted) 





UA7905C 

THRU 
UA7924C 


UNIT 


Input voltage 


UA7924C 




V 


All others 


-35 


Continuous total dissipation at 25° C free-air temperature (see Note 1) 


2 


W 


Continuous total dissipation at (or below) 25" C case temperature (see Note 1 ) 


15 


w 


Operating free-air, case, or virtual junction temperature range 


Oto 150 


°c 


Storage temperature range 


-65 to 150 


°c 


Lead temperature 3,2 mm (1/8 inch) from case for 10 seconds 


260 


°c 



NOTE 1: For operation above 25* C froo-olr or case tomperoturo, refer to Dissipation Dorating Curvet, Figure 1 and Figure 2. 



FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



2000 
1800 
1600 
1400 
1200 
1000 
800 
600 
400 
200 









































































- Deratin 
R0JA* 


3 factor - 
62.5°CA 


16mW/° 
V 


c \ 



















25 50 75 100 125 
Ta,- Free- Air Temperature— °C 

FIGURE 1 



150 



CASE TEMPERATURE 
DISSIPATION DERATING CURVE 





































































Derating 


factor = 


).25W/°( 






above 90 C 





25 50 75 100 125 150 
Tc— Case Temperature-°C 

FIGURE 2 



recommended operating conditions 





MIN 


MAX 


UNIT 




UA7905C 


-7 


-25 






UA7952C 


-ia 


-25 






UA7306C 


-8 


-25 






UA7908C 


-10.5 


-25 




Input voltage, V| 


UA7912C 


-14.5 


-30 


V 




UA7915C 


-17.5 


-30 






UA7918C 


-21 


-33 






UA7924C 


-27 


-38 




Output current, lo 


1.5 


A 


Operating virtual junction temperature, Tj 





125 


°C 
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TYPES UA7905C, uA7952C 
NEGATIVE-VOLTAGE REGULATORS 



UA7905C electrical characteristics at specified virtual junction temperature, 
V| = -10 V, Iq = 500 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


uA7905C 


UNIT 


MIN 


TYP 


MAX 






25° C 


-4.8 


-S 


-5.2 




Output voltage 


>0 - 5 mA to 1 A, V| - -7 V to -20 V, 
P< 15W 


0°Cto 125°C 


-4.75 




-5.25 


V 


Input regulation 


V| - -7 V to -25 V 


25 C 




12.5 


50 


mV 


V| --8Vto -12 V 


4 15 


Ripple rejection 


V|--8Vto-18V, f- 120 Hz 


0°Cto 125°C 


54 


60 




dB 


Output regulation 


lO" 5 mA to 1.5 A 


25°C 




15 


100 


mV 


lO " 250 mA to 750 mA 




5 


50 


Temperature coefficient 
of output voltage 


>0 " 5 mA 


0°Cto 125°C 


-0.4 


mV/*C 


Output noise voltage 


f» 10 Hz to 100 kHz 


25° C 


125 




Oropout voltage 


lO-l A 


25°C 


1.1 


V 


Bias current 




25*C 




1.5 


2 


mA 


Bias current change 


V! = -7Vto -25 V 


0°Cto125*C 




0.15 


0.5 


mA 


Iq " 5 mA to 1 A 




0.08 


0.5 


Peak output current 




25° C 


2.1 


A 



uA7952C electrical characteristics at specified virtual junction temperature, 
V| = -10 V, Iq = 500 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


uA7952C 


UNIT 


MIN 


TYP 


MAX 






25° C 


-5 


-5.2 


-5.4 




Output voltage 


Iq " 5 mA to 1 A, 
P< 15W 


V| - -7.2 V to -20 V, 


0°Cto 125*C 


-4.95 




-5.45 


V 


Input regulation 


V| - -7.2 V to -25 V 


25° C 




12.5 


100 


mV 


V|- -8.2 V to -12 V 




4 


50 


Ripple rejection 


V| =-8.2 V to -18 V, 


f « 120 Hz 


0°Cto 125°C 


54 


60 




dB 


Output regulation 


lO "5 mA to 1.5 A 


25°C 




15 


100 


mV 


lO " 250 mA to 750 mA 




5 


50 


Temperature coefficient 
of output voltage 


Iq - 5 mA 


0°Cto125°C 


-0.4 


mVfC 


Output noise voltage 


f - 10 Hz to 100 kHz 


25° C 


125 


»v 


Dropout voltage 


IO°1A 


25° C 


1.1 


V 


Bias current 




25°C 




1.5 


2 


mA 


Bias current change 


V|»-7.2Vto -25 V 


0°Cto125°C 




0.15 


1.3 


mA 


Iq-5 mA to 1 A 




0.08 


0.5 


Peak output current 




25*C 


2.1 


A 



'All characteristics are measured with a sofid-tantslum capacitor across the input of 2 pF and a solid-tantalum capacitor across the output of 1 pF. AM 
characteristics except notse voltage and ripple rejection ratio are measured using pulse techniques (t w £ 10 ms, duty cycla s 5%). Output voltage changes 
duo to changes in internal temperature must be taken into account separately. 
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TYPES UA7906C, uA7908C 
NEGATIVE-VOLTAGE REGULATORS 



uA7906C electrical characteristics at specified virtual junction temperature, 
V| = — 11 V, Iq = 500 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


UA7906C 


UNIT 


MIN 


TYP 


MAX 






25° C 


-5.75 


-6 


-6.25 




Output voltage 


(q " 5 mA to 1 A. V| - -8 V to -21 V, 
P< 15W 


0°Cto 125*0 


-5.7 




-6.3 


V 


Input regulation 


V| - -8 V to -25 V 


25° C 




12.5 


120 


mV 


V( = -9Vto-13V 




4 


60 


Ripple rejection 


V| - -9 V to -19 V, f - 120 Hz 


0°Cto 125°C 


54 


GO 




dB 


Output regulation 


10 " S mA to 1.5 A 


25° C 




15 


120 


mV 


10 ° 250 mA to 750 mA 




5 


60 


Temperature coefficient 
of output voltage 


IO°5 mA 


0*0 to125°C 


-0.4 


rnV^C 


Output noise voltage 


f * 10 Hz to 100 kHz 


25° C 


150 


uV 


Dropout voltage 


l -1A 


25° C 


1.1 


V 


Bias current 




25°C 




1.5 


2 


mA 


Bias current change 


V|--8Vto -25 V 


0°Cto 125°C 




0.15 


1.3 


mA 


Iq « 5 mA to 1 A 




0.08 


0.5 


Peak output current 




25° C 


2.1 


A 



uA7908C electrical characteristics at specified virtual junction temperature, 
V| = —14 V, Iq = 500 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


UA7908C 


UNIT 


MIN 


TYP 


MAX 






25* C 


-7.7 


-8 


-8.3 




Output voltage 


IO»SmAto 1 A, V ( » -10.5 V to -23 V. 
P< 15W 


0°Cto 125°C 


-7.6 




-8.4 


V 


Input regulation 


V|- -10.5 V to -25 V 


25°C 




12.5 


160 


mV 


V| = -11 V to-17 V 




4 


80 


Ripple rejection 


Vj--11.SVto-21.5V. f- 120Hr 


0°Cto 125°C 


54 


60 




dB 


Output regulation 


lO" 5 mA to 1,5 A 


25°C 




15 


160 


mV 


lO c 250 mA to 750 mA 




5 


80 


Temperature coefficient 
of output voltage 


Iq ■ 5 mA 


0°Cto 125 a C 


-0.6 


mV/*C 


Output noise voltage 


f- 10 Hz to 100 kHz 


25° C 


200 


"V 


Dropout voltage 


l « 1 A 


25°C 


1.1 


V 


Bias current 




25°C 




13 


2 


mA 


Bias current change 


V| - -10 5 V to -25 V 


0°C to 125*C 


0.15 1 


mA 


Iq ' 5 mA to 1 A 




0.08 


0.5 


Peak output current 




25°C 


2.1 


A 



T Atl characteristics are measured wrth a solid-tantalum capacitor across the input of 2 (tF and a solid-tantalum capacitor across the output of 1 pF. AN 
characteristics except noiso voltage and rippto rejection ratio are measured using pufse techniques f( w S 10 mj, duty cycle 3 5%), Output voltage changes 
due to changes in internal temperature must bo taken into account separately- 
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TYPES UA7912C, uA7915C 
NEGATIVE-VOLTAGE REGULATORS 



UA7912C electrical characteristics at specified virtual junction temperature, 
V| = -19 V, Iq ° 500 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


UA7912C 


UNIT 


MIN 


TYP 


MAX 






25° C 


-11.5 


-12 


-12.5 




Output voltage 


l0= 5 mA to 1 A, 
P< 15W 


V|= -14.5 V to -27 V, 


0°Cto 125°C 


-11.4 




-12.6 


V 


Input regulation 


V| = -14.5 V to -30 V 


25° C 




5 


80 


mV 


V| = -16Vto -22 V 




3 


30 


Ripple rejection 


V|--15Vto -25 V, 


f- 120 Hz 


0°Cto 125* C 


54 


60 




dB 


Output regulation 


IO a 5mA to 1.5 A 


25*C 




15 


200 


mV 


Iq - 250 mA to 750 mA 




5 


75 


Temperature coefficient 
of output voltage 


lO ** 5 mA 


0°C to 125°C 


-0.8 


mV/°C 


Output noise voltage 


f- 10 Hz to 100 kHz 


25° C 


300 


MV 


Dropout voltage 


»0= 1 A 


25° C 


1.1 


V 


Bias current 




25° C 




2 


3 


mA 


Bias current change 


V| = -14.5 V to -30 V 


0*Cto 125°C 




0.04 


0.5 


mA 


Iq ■ 5 mA to 1 A 




0.06 


0.5 


Peak output current 




25* C 


2.1 


A 



uA7915C electrical characteristics at specified virtual junction temperature, 
V| = -23 V, Iq = 500 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


UA7915C 


UNIT 


MEN 


TYP 


MAX 






25° C 


-14.4 


-15 


-15.6 




Output voltage 


l -5mAto1 A, V|- -17.5 V to -30 V, 
P< 15W 


0°Cto 125°C 


-14.25 




-15.75 


V 


Input regulation 


V| = -17.5 V to -30 V 


25° C 




5 


100 


mV 


V| = -20 V to -26 V 




3 


50 


Ripple rejection 


V|» -18.5 V to -28.5 V, f- 120 Hz 


0°Cto125°C 


54 


60 




dB 


Output regulation 


IO = 5 mA to 1.5 A 


25°C 




15 


200 


mV 


10 = 250 mA to 750 mA 




5 


75 


Temperature coefficient 
of output voltage 


lO - 5 mA 


0°C to 125°C 


-1 


mVfC 


Output noise voltage 


f « 10 Hz to 100 kHz 


25°C 


375 




Dropout voltage 


l =1 A 


25*0 


1.1 


V 


Bias current 




25* C 




2 


3 


mA 


Bias current change 


V| = -17.5 V to -30 V 


0°C to 125°C 




0.04 


0.5 


mA 


Iq c 5 mA to 1 A 




0.06 


0.5 


Peak output current 




25° C 


2.1 


A 



f All characteristics are measured with a solid-tantalum capacitor across the input of 2 pF and 8 solid-tantalum capacitor across the output of 1 *F. All 
characteristics except noise vottage and ripple rojection ratio are measured using pulse techniques lt w £ 1 ms. duty cycle £ 5%). Output voltage changos 
duo to changes in internal temperature must bo taken into account separately. 
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TYPES UA7918C, uA7924C 
NEGATIVE-VOLTAGE REGULATORS 



uA7918C electrical characteristics at specified virtual junction temperature, 
V| = -27 V, lQ = 500 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


UA7918C 


UNIT 


MIN TYP 


MAX 






25°C 


-17.3 -18 


-18.7 




Output voltage 


lO - 5 mA to 1 A, V| * -21 V to -33 V, 
P< 15W 


0°Cto 125°C 


-17.1 


-18.9 


V 


Input regulation 


V[--21 Vto -33 V 


25° C 


5 


360 


mV 


V, = -24 V to -30 V 


3 


180 


Rippte rejection 


V| = -22 V to -32 V, f - 120 Hz 


0°Cto 126°C 


54 60 


dB 


Output regulation 


lO" 5 mA to 1.5 A 


25*C 


30 


360 


mV 


lO ■ 250 mA to 750 mA 


10 


180 


Temperature coefficient 
of output voltage 


Iq ■ 5 mA 


0°C to 125°C 


-1 


mV^C 


Output noiie voltage 


f «10Hz to 100 kHz 


25° C 


450 




Dropout voltage 


IO° 1 A 


25° C 


1.1 


V 


Bias current 




25* C 


2 


3 


mA 


Bias current change 


V|»-21 Vto -33 V 


0°Cto 126°C 


0.04 1 


mA 


Iq B 5 mA to 1 A 


0.06 


0.5 


Peak output current 




25° C 


2.1 


A 



uA7924C electrical characteristics at specified virtual junction temperature, 
V| = —33 V, Iq = 500 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


UA7924C 


UNIT 


MIN 


TYP 


MAX 






25*C 


-23 


-24 


-25 




Output voltage 


l = 5 mA to 1 A, V| • -27 V to -38 V, 
P< 15W 


0°Cto 125°C 


-22.8 




-25.2 


V 


Input regulation 


V| = -27 V to -3BV 


25°C 




5 


480 


mV 


V|--30Vto -36 V 




3 


240 


Ripple rejection 


V| =-28 Vto -38 V. f » 120 Hz 


0°Cto 125°C 


54 


60 




dB 


Output regulation 


Iq" 5mA to 1.5 A 


25*0 




85 


480 


mV 


lO = 250 mA to 750 mA 




25 


240 


Temperature coefficient 
of output voltage 


Iq » 5 mA 


0°Cto 125°C 


-1 


mV/*C 


Output noise voltage 


f- 10 Hz to 100 kHz 


25°C 


600 




Dropout voltage 


10=1 A 


25° C 


1.1 


V 


Bias current 




25° C 




2 


3 


mA 


Bias current change 


V| = -27Vto -38 V 


0°C to 125 C 


0.04 1 


mA 


Iq " 5 mA to 1 A 




0.06 


0.5 


Peak output current 




2S°C 


2.1 


A 



lAEJ characteristics are measurod with a solid-tantalum capacitor across the Input of 2 jiF and a solid-tantalum capacitor across the output of 1 pF. Ail 
characteristics except noise voltage and rippte rejection ratio are measured using pulse techniques lt w s 10 ms, duty cycto 3 5%>. Output voltage changes 
due to changes in internal temperature must be taken into account separately. 
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1 • 3-Terminal Regulators 


NOMINAL 


— bb L i u ibu u 


U IU1A 


1 A OiitTtiit r^nrront tin tn ^DH mA 


OUTPUT 
VOLTAGE 


OPERATING 
TEMPERATURE RANGE 


OPERATING 
TEMPERATURE RANGE 


I * No External Components 


-5 V 


UA/alVI U3 IVI 




v niyil rUWci UlsalLJallUI 1 VvdLJaUMIiy 


-6 V 
-8 V 


un /umuoivi 
UA79M08M 


nA7Qiwnfir 

UM /9>¥IUOl> 

UA79M08C 


* Internal Short-Circuit Current Limiting 


-12 V 


UA79M12M 


uA79M12C 




-15 V 
-20 V 


UA79M15M 


UA79M15C 
UA79M20C 


• Direct Replacements for Fairchild juA79M00 


-24 V 




uA79M24C 


Series 


PACKAGE 


JG 


KC 



description 



schematic 



This series of fixed-negative-voltage monolithic 
integrated-circuit voltage regulators is designed to 
complement Series uA78M0O in a wide range of 
applications. These applications include on-card regu- 
lation for elimination of noise and distribution 
problems associated with single-point regulation. Each 
of these regulators can deliver up to 500 milliampercs 
of output current, The internal current limiting and 
thermal shutdown features of these regulators make 
them essentially immune to overload. In addition to 
use as fixed-voltage regulators, these devices can be 
used with external components to obtain adjustable 
output voltages and currents and also as the power 
pass element in precision regulators. 

terminal assignments 




uA79M_M. . .JG PACKAGE 



uA79M_C. , .KC PACKAGE 



(TOP VIEWI 



COMMON E 1 <J a ]NC 

ncC 2 7 Inc. 

NC C 3 6 "jOUTPUT 

INPUT C 4 &]WC 



NC— No internal connection 



(TOP VIEWI 



THE INPUT TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 

TO 220AB 
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SERIES UA79M00 
NEGATIVE-VOLTAGE REGULATORS 



absolute maximum ratings over operating temperature range (unless otherwise noted) 





u A7BM05M , 

THRU 
uA79M15M 


uA78M05C 

THRU 
UA79M24C 


UNIT 


Input voltage 


UA79M20, UA79M24 






V 


All others 


-35 


-35 


Continuous total dissipation at 25°C free-air temperature (see Note 1) 


JG package 


1.05 




w 


KC (TO-220AB) package 




2 


Continuous total dissipation at {or below) 25° Cease temperature 
(see Note 1) 


KC package 




7.5 


w 


Operating free-air, case or virtual junction temperature range 


-55 to 150 


to 150 


°c 


Storage temperature range 


-65 to 150 


-65 to 150 


c c 


Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 


JG package 


300 




c c 


Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 


KC package 




260 


°c 



NOTE 1: For operation abovo 25° C frao-air or cow temperaturo, rafor to Dissipation Derating Curves, Figures 1 through 4, pago 138. 



recommended operating conditions 





MIN 


MAX 


UNIT 






UA79M05M, uA79M05C 


-7 


-25 








UA79M06M, UA79M06C 


-8 


-25 








UA79M08M, uA79M08C 


-10.5 


-25 




Input voltage, V| 




uA79M12M,uA79M12C 


-14.5 


-30 


V 






uA79M16M,uA79M15C 


-175 


-30 








UA79M20C 


-23 


-35 








UA79M24C 


-27 


-38 




Output current, Iq 


500 


mA 


Operating virtual junction temperature, Tj 


UA79M05M thru uA79M15M 


-55 


150 


*C 


UA79M05C thru uA79M24C 





125 
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TYPES UA79M05M, UA79M0SC 
NEGATIVE-VOLTAGE REGULATORS 



uA79M05M, uA79M05C electrical characteristics at specified virtual junction temperature, 
V| = -10 V, Iq = 350 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


UA7SM05M 


UA79M05C 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


Output voltage 




25"C i 


-4JB -5 -5.2 


-4B -5 -5.2 


V 


Iq - 5 mA to 350 mA, V| - -7 V to -25 V 


~55°C to 150° C 


-4.75 -5.25 




0*C to 125"C 




-4,75 -5.25 


Input regulation 


V ( = -7Vto -25 V 


25°C 


7 50 


7 50 


mv 


V|»-8Vto -18 V 


3 30 


3 30 


Ripple rejection 


V|--8Vto -18 V, 
f ■ 120 Hz 


l - 100 mA 


-55*Cto 150°C 


50 




dB 


0°C to 125°C 




50 


Iq a 300 mA 


25° C 


54 60 


54 60 


Output regulation 


Iq ■ 5 mA to 500 mA 


25°C 


75 100 


75 100 


mV 


lO ■ 5 mA to 350 mA 


50 


50 


Temperature coefficient 
of output voltage 


lO " 5 mA 


-55° C to 150° C 


-1.5 




mV/°C 


0*C to 125*C 




—0.4 


Output noise voltage 


f- 10 Hz to 100 kHz 


25° C 


125 400 


125 


PV 


Dropout voltage 




25° C 


1.1 2.3 


1.1 


V 


Bias current 




25° C 


1 2 


1 2 


mA 


Bias current change 


V| " -8 V to -25 V 


-55"C to 150°C 


0.4 




mA 


0°Cto 125°C 




0.4 


1 " 5 m A to 350 mA 


-55"C to 150°C 


0.4 




0*C to 125°C 




0.4 


Short-circuit 
output current 


V| » -30 V 


25" C 


600 


140 


mA 


Peak output current 




25°C 


0.5 0.65 1.4 


0.65 


A 



*Atl characteristics arc measured with a 2-jiF capacitor across tho input and a 1-/iF capacitor across tho output. All characteristics except nolso 
voltage and ripplo rejection ratio are measured using pulse techniques (t w < 10 ms, duty cyclo < 5%). Output voltago changos due to changes 
In Internal temperature must bo taken Into account separately. 
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TYPES UA79MD6M, UA79M06C 
NEGATIVE-VOLTAGE REGULATORS 



uA79M06M, uA7SM06C electrical characteristics at specified virtual junction temperature, 
Vj = —11 V, Iq = 350 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


UA79M08M 


UA79M08C 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


Output voltage) 




25* C 


-5.75 -6 -6 .25 


-5.75 -6-655 


V 


Iq d 5 mA to 350 mA, Vj - -8 V to -25 V 


-55°Cto150°C 


-5.7 -6.3 




0°Cto 125°C 




-5.7 -6,3 


Input regulation 


V| - -8 V to -25 V 


25°C 


7 60 


7 60 


mV 


V|--9Vto -19 V 


3 40 


3 40 


Ripple rejection 


Vj - -9 V to -19 V, 
f ■» 120 Hz 


Iq" 100 mA 


-55°C to 150°C 


50 




dB 


0°C to 125°C 




50 


Iq " 300 mA 


25°C 


64 60 


54 60 


Output regulation 


lO" 6 mA to 500 mA 


25*C 


80 120 


80 120 


mV 


lO" 5 mA to 350 mA 


55 


55 


Temperature coefficient 
of output voltage 


If) - 5 mA 


-5S*Cto 150°C 


-IS 




mV/*C 


W C tol25°C 




-0.4 


Output noise volte go 


f «10Hz to 100 kHz 


25°C 


150 480 


150 


uV 


Dropout voltage 




25°C 


1.1 2.3 


1.1 


V 


Bias current 




25°C 


1 2 


1 2 


mA 


Bias current change 


V, = -9 V to -25 V 


-65°Cto150*C 


0.4 




mA 


w Cto 125°C 




0.4 


lO" 6 mA to 350 mA 


-55°Cto 150°C 


0.4 




0°C tol25°C 




0.4 


Short-circuit 
output current 


V| --30V 


25°C 


600 


140 


mA 


Peak output current 




25° C 


0.5 0J65 1.4 


0.65 


A 



f AII characteristics sro mesturod with o 2->iF copse Itor across the Input and a 1-jiP capacitor across the output. All characteristics oxecpt nolso 
voltage and ripple rejection ratio aro measured using pulse techniques <t w < 10 ms, duty cyclo < 5%). Output vottsgo changes duo to changes 
In Internal tcmporatura must bo token Into account seporatolv. 



184 Texas Instruments 



INCORPORATED 
POOT OFFICE BOX 0OI2 • DALLAS. TEXAS 7S222 



TYPES UA79M08M. UA79M08C 
NEGATIVE-VOLTAGE REGULATORS 



UA79M08M, uA79M08C electrical characteristics at specified virtual junction temperature, 
V| = -19 V r l = 350 mA (unless noted) 



PARAMETER 


TEST CONDITIONS* 


UA79M08M 


UA79M0SC 


UNIT 


MIM TV*P mav 


MIM TVP MAY 






25° C 




-j -j q O "i 

/,/ — O OrJ 




l -5mA to 350 mA, V, - -10.6 V to -25 V 


-55° C to 150°C 


—7 Jo —8.4 




0°Cto12S*C 




—7.6 —8,4 


Input regulation 


V|" -105 V to -25 V 


25* C 


8 80 


8 80 


mV 


Vj - —11 Vto -21V 


4 50 


4 50 


Ripple rejection 


V|--11SVto -213V, 
f -120 Hz 


l a 100 mA 


-55* C to 150" C 


60 




dB 


0°C to12S°C 




50 


Iq- 300mA 


2B°C 


54 59 


54 59 


Output regulation 


10 " 6 mA to 500 mA 


25° C 


90 160 


90 160 


mV 


lO ° 5 mA to 350 mA 


60 


60 


Temperature coefficient 
of output voltage 


lO ° 5 mA 


-S5°Cto 150*0 


—2.4 




mV/°C 


0°C to12S°C 




-0.6 


Output noise voltage 


f -10 Hz to 100 kHz 


25°C 


200 640 


200 


*iV 


Dropout voltage 




25*C 


1.1 22 


1.1 


V 


Bias current 




25°C 


1 2 


1 2 


mA 


Bias current change 


V| » -10.5 Vto -25V 


-55°C to 150*C 


0.4 




mA 


0*C to 12S°C 




0.4 


Iq ° 5 mA to 350 mA 


-55 ft C to 150"C 


0.4 




0°C to 125° C 




0.4 


Short -circuit 
output current 


V| « -30 V 


25°C 


600 


140 


mA 


Peak output current 




25°C 


0.5 0.65 1.4 


0.65 


A 



All characteristic* are measured with s 2-/iF capacitor ocrotx the Input end a 1-fiF capacitor across the output. All characteristics oxcopt noise 
volts go snd rlpplo refection rotio are measured using pulse techniques (tw < 10 im, duty cycle < 5%>. Output voltage changes duo to changes 
in internal temperature must bo taken into account separately. 
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TYPES UA79M12M. UA79M12C 
NEGATIVE-VOLTAGE REGULATORS 



uA79M12M, uA79M12C electrical characteristics at specified virtual junction temperature, 
V| = —19 V, Iq = 350 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


>iA74M19M 
UM/DIV1 1 «JVI 




UNIT 


MIN TYP MAX 


MIN TYP MAX 


Output voltage 




25° C 


1 1 E 11 n c 

— 11.9 — 1 Z — iZJa 


—11.9 — 1 1 — iZJa 


V 


Iq M 5 mA to 350 mA, V t » -14,5 V to -30 V 


— 55° C to 150°C 


—11.4 —125 




C to 1 25 C 




—11.4 —12,6 


Input regulation 


Vi » -145 V to -30 V 


25° C 


9 80 


9 80 


mV 


Vi »-15 Vto-25 V 


5 50 


5 50 


Ripple rejection 


V|--15Vto -25 V. 
f » 120 Hz 


l0 a 100 mA 


— z r~ 

—55 C to 1 50 C 


50 




dB 


0°C to 1 25*0 




50 


Iq " 300 mA 


25°C 


54 60 


54 60 


Output regulation 


IO"5mA to 500 mA 


25°C 


65 240 


65 240 


mV 


lo - 5 mA to 350 mA 


45 


45 


Temperature coefficient 
of output voltage 


lO ° 5 mA 


-55° C to150°C 


—3,6 




mV/^C 


0°Cto 125°C 




ft A 


Output noite voltage 


f~ 10 Hz to 100 kHz 


25° C 


300 960 


300 


**v 


Dropout voltage 




25*0 


1.1 2-3 


1.1 


v 


Bias current 




25° C 


15 3 


15 3 


mA 


Bias current change 


V| = -145 V to -30 V 


-55°C to 150°C 


0.4 




mA 


0*C to 125° C 




0.4 


Iq " 5 mA to 350 mA 


-55° C to 150° C 


0.4 




0°Cto 125°C 




0.4 


Short-circuit 
output current 


V| - -30 V 


25° C 


600 


140 


mA 


Peak output current 




25°C 


05 0.65 1.4 


055 


A 



'All characteristics are measured with e 2-fiF capacitor across tho input and a 1*/iF capacitor across tho output. All characteristics except noito 
voltage and rlpplo refection ratio era measured using pulse technique* (t w < lOmi, duty cycle < 5%). Output voltego chenges duo to chenges 
in internal temporoture must be token into eccount separately, 



M96 Texas 1 n st rum ents 



INCORPORATED 
POST OPPICE BOX S012 • DALLAS. TEXAS 73J32 



TYPES UA79M15M, uA79M15C 
NEGATIVE-VOLTAGE REGULATORS 



uA79M15M, uA79M15C electrical characteristics at specified virtual junction temperature, 
Vj = —23 V, Iq = 350 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


UA79M15M 


uA78M15C 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


Output volts 90 




25° C 


_14,4 _15 —15,6 


-14.4 —15 -15,6 


V 


l - 5 mA to 350 mA, V| = -175 V to -30 V 


-55° C to 150° C 


^4.25 -15.75 








-14.25 -15.75 


Input regulation 


V|- -175 V to -30 V 


25*C 


9 80 


9 80 


mV 


V| = -18 V to -28 V 


7 50 


7 50 


Ripple rejection 


V| » -185 V to -28.5 V, 
f- 120 Hz 


Iq - 100 mA 




50 




dB 


3 C to 125*0 




50 


lO B 300 mA 


25*C 


54 59 


54 59 


Output regulation 


IO°6mA to 500 mA 


25° C 


65 240 


65 240 


mV 


Iq»5 mA to 350 mA 


45 


45 


of output voltage 


Iq = 5 mA 


-55° C to 150°C 


-4.5 




mV/°C 


0*Cto 125°C 




-1 




Output noise voltage 


f » 10 Hz to 100 kHz 


25° C 


375 1200 


375 


*v 


Dropout voltage 




25° C 


1.1 2.3 


1.1 


V 


Bias current 




25° C 


15 3 


1.5 3 


mA 


Bias current change 


V|- -17.5 V to -30 V 


-55°C to150°C 


0.4 




mA 


0°Cto 125°C 




0.4 


lO " 5 mA to 350 mA 


-55° C to 150° C 


0.4 




0°Cto125 o C 




0.4 


Short-circuft 
output current 


V| » -30 V 


25° C 


600 


140 


mA 


Peak output current 




25° C 


0.5 0.65 


0.65 


A 



'All characteristic* oro measured with a 2-/*F capacitor across tho input and a 1-juF capacitor across tho output. A El characteristics oxcept noisa 
voltage and ripplo rejection rotlo oro measured using pulso techniques (t w < 10 mi, duty cyclo < 5%). Output voltage changes duo to changes 
in internal tcmporaturo must be taken into account seporotsty. 
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TYPE UA79M20C 
NEGATIVE-VOLTAGE REGULATORS 



UA7SM20C electrical characteristics at specified virtual junction temperature 
V| = —29 V, Iq = 350 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


UA7SM20C 


UNIT 


MtN TYP MAX 


Output voltage 


tO ° S mA to 350 mA, V| ■» -23 V to -35 V 


25° C 


-19.2 -20 -203 


V 


0°Cto125°C 


-19 -21 


tnput regulation 


V|--23Vto-35V 


25° C 


12 80 


mV 


Vj - -24 V to -34 V 


10 70 




V|»-24Vto-34V r 
f - 120 Hi 


l = 100 mA 


0°Cto 125*0 


50 


dB 


Iq - 300 mA 


25° C 


54 58 


Output regulstion 


lO" 5 mA to 500 mA 


25° C 


75 300 


mV 


Iq d 5 mA to 350 mA 


50 


Temperature coefficient 
of output voltage 


IO»5mA 


0°Cto 125 C 


-1 


mV/°C 


Output noise voltage 


f» 10 Hz to 100 kHz 


25°C 


500 




Dropout voltage 




25° C 


1.1 


V 


Bias current 




25° C 


1.5 3.5 


mA 


Bias current change 


V| - -23 V to -35 V 


0°Cto125°C 


04 


mA 


lQ B BmA to 350 mA 


0.4 


Short-circuit 
output current 


V, - -30 V 


25° C 


140 


mA 


Peak output current 




2S*C 


650 


A 



* All character Isticf ars measured with a 2-pF capacitor across the Input and a capacitor across tho output. All characteristics except noisa 
voltage and rippto rejoction ratio ara moasurod using pulse techniques (tyy < 10 mi, duty cycle < 6%). Output voltage changes duo to changes 
tn internal temporature must be token into account separately. 
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TYPE UA79M24C 
NEGATIVE-VOLTAGE REGULATORS 



uA79M24C electrical characteristics at specified virtual junction temperature, 
V| = -33 V, lQ - 350 mA (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


UA79M24C 


UNIT 


MIN TYP MAX 


Output voltage 


Iq h S mA to 350 mA, V| = -27 V to -38 V 


25° C 


-23 -24 -25 


V 


0°C 10 125*0 


-22.8 -25.2 


Input regulation 


Vj • -27 V to -38 V 


25*0 


12 80 


mV 


V| = -28Vto -38 V 


12 70 


flfppfe reject ton 


V| - -28 V to -38 V, 
f" 120 Hz 


Iq" 100 mA 


0°Cto 125°C 


50 


dB 


Iq" 300mA 


25* C 


54 58 


Output regulation 


Iq " 5 mA to 500 mA 


25*0 


75 300 


mV 


IO a 5mA to 350 mA 


50 


Temperature coefficient 
of output voltage 


Iq a 5 mA 


0°Cto 125°C 


-1 


mV/°C 


Output noise voltage 


f°10Hz to 100 kHz 


25° C 


600 


*v 


Dropout voltage 




2S°C 


1.1 


V 


Bias current 




25° C 


1 .5 3.5 


mA 


Bias current change 


V| » -27 V to -38 V 


0*Cto 125°C 


0.4 


mA 


Iq ° 5 mA to 350 mA 


0.4 


Short-circuit 
output current 


V|- -30 V 


25° C 


140 


mA 


Peak output current 




25° C 


650 


A 



* All characteristics nro manured with a 2-uF capocltor across tho Input and a 1-uF capacitor across the output. All characteristics except noiso 
voltage and ripplo rejection ratio are measured using pulse techniques it^ < 10 mt, duty cyclo < 6%). Output voltage changes duo to changes 
in internal temporaturo must bo taken into account separately. 
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SERIES UA79M00 
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THERMAL INFORMATION 



! 

I 
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.5 1600 

.1 1400 
a 1200 

in 

i iooo 
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£ 



800 
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400 
200 
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FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 





i — i r 
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Appendix 

Ordering Instructions 
Mechanical Data 



VOLTAGE REGULATOR CIRCUITS 
ORDERING INSTRUCTIONS 



ORDERING INSTRUCTIONS 

Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) listed in the page 
heading regardless of package. The availability of a circuit function in a particular package Is denoted by an alphabetical 
reference above the pin-connection diagram(s). These alphabetical references refer to mechanical outline drawings shown 
in this section. 

Factory orders for circuits described in this data book should include a four-part type number as explained in the following 
example. 

EXAMPLE: TL 497AM JG /883B 

/ 



(l. Prefix }- 



MUST CONTAIN TWO OR THREE LETTERS 

TL Tl Linear Products (Excluding Interface) 

TLC Tl Linear Silicon-Gate CMOS Products (Excluding Interface) 

LM Second Source for National 

MC Second Source for Motorola 

RC Second Source for Raytheon 

SG Second Source for Silicon General 

uA Second Source for Fairchitd 



. Unique Circuit Designator 
Including Temperature Range 



MUST CONTAIN THREE TO SEVEN CHARACTERS 

(From Individual Data Sheets) 
Examples: 5941 1 524 

4193M 78L05AC 



(3. Package)- 



MUST CONTAIN ONE OR TWO LETTERS 

J, JG, KA, KC, LP, N. P, or U 
(From Pin-Connection Diagram on 
individual Data Sheet) 



4. MIL-STD-883B 

Method 5004, Class E3 




OMIT /883B WHEN NOT APPLICABLE 



Circuits are shipped in one of the carriers below. Unless a specific method of shipment is specified by the customer 
(with possible additional costs), circuits wtll be shipped on the most practical carrier. 



Flat (U) 
—Barnes Carrier 
— Milton Ross Carrier 



TO-3 (KA) 
— Form Pack 



Dual-ln-Line (J, JG, N, P) 
—Slide Magazines 
— A-Channel Plastic Tubing 
—Barnes Carrier 
—Sectioned Cardboard Box 
—Individual Plastic Box 

TO-220AB (KC) 
—Bulk Pack 
—Sleeves 



Plug-In (LP) 
—Barnes Carrier 
—Sectional Cardboard Box 
-Individual Cardboard Box 
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VOLTAGE REGULATOR CIRCUITS 
MECHANICAL DATA 



J ceramic dual-in-line packages 

These hermetically sealed dual-in-line packages consist of a ceramic base, ceramic cap, and a 14- or 16-lead frame. 
Hermetic sealing is accomplished with glass. The packages are intended for insertion in mounting-hole rows on 7,62 
(0.300) centers (see Note a). Once the leads are compressed and inserted, sufficient tension is provided to secure the 
package in the board during soldering. 



14-PIN J CERAMIC 



©@@® ©0© 



0,63 (0.Q2S) R KQM 




0,78 (0.030) MIN 
Id PLACES 



< ■ BUS , " L ™ 



1.78 10 070] PIN SPACING 2.54 |0.100) T.P. 
4 PLACES ISm Neit«) 

Falls Within JEDEC TO-1 16 and MO-O01AA Dimensions 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 




7 37 (DjOOh 
?11 IDJiOl 



ir 



1.37 rQji50fWOW 




111-"- 
00 

J if, n v.! s 



SEATING PLANE - 



\\ 0.3SCIOCH4'' 



1G-PIN J CERAMIC 



19,94 10,785) 



0,63 10.025) H NOM 



9.18(0.755) 
©©©© ® © © ® f 



Ir* ^ V ^ ST 
0©0©©©0© 

- I- Mt 1.78 (0.070) MAX 16 PLACES 



3,30 [0.1381 




305 .0 0131 MIT* 
4. PLACES • 



t 



0,76 10.0301 MIN 
12 PLACES 



PIN SPACING 2.54 (0.100) T.P. 3810 015) 

ISm Nottil 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 




NOTE a: Each pin conterline Is located within 0.25 (0.0101 of Its true longitudinal position. 
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VOLTAGE REGULATOR CIRCUITS 
MECHANICAL DATA 



JG ceramic dual-in-line package 



This hermetically sealed dual-in line package consists of a ceramic base, ceramic cap, and 8-lead frame. The package 
is intended for insertion in mounting-hole rows 7,62 (0.300) centers (see Note a). Once the leads are compressed 
and inserted, sufficient tension is provided to secure the package in the board during soldering. 



8-PIN JG CERAMIC 



0.G3 10.025) R NOM - 



©00© 



— 7,3> (0.290) 
7.11 10,280) 



WW 

0000 




-1.27 (0.050) NOM 



-SEATING PLANE- 



1,78 (0.070> MAX 8 PLACES 



-1 



5.08 10.200) 
MAX 

I 



" 0,203(0.008) 3 30 10 130) 
8 PLACES win 



0,51 (0.0201-1 
MIN 



0,38 (0.015) 
4 PLACES 



76 (0 030) MIN 
8 PLACES 



0.381 10.015) 
8 PLACES 



PIN SPACING 
-2.54 (0.1001 T.P. 
(Sea Nolo a) 



ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 



NOTE a. Each pin con tor line is located within 0,25 lo.OlO) of its true longitudinal position. 
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VOLTAGE REGULATOR CIRCUITS 
MECHANICAL DATA 



LP plastic package 



This package is an encapsulation in a plastic compound specifically designed for this purposes. The package will withstand 
withstand soldering temperatures without deformation. The package exhibits stable characteristics under high-humidity 
conditions and is capable of meeting MIL-STD-202C, Method 106B. 



SEATING PLANE • 



3.43 (C 



6,34(0.210) 
4,32 (0.170)"^ 



- 1.27 (0.050) 
(Sm Not* i) 



1.27 ± 0.13 
(0.050 i 0.0OS ~ 



2,54 ±0.13 - 
(0.100 1 0.005) 



2.67 (0.1 OS) 
2.03 (0.080) 




FitU Within .IE DEC TO-226AA DtmMnkmi 
(TO-Z26AA Rcptwn T0-92) 



-3 LEADS 
0,43 ♦ 0,13, -0,03 WIDE 
0,38 t 0.03 THICK 
(0.017 * 0.005, -0.001 WIDE 
0.015 t 0.001 THICK) 



Falls Within JEDEC TO-226AA Dimensions 
{T0226AA Replaces TO-92) 
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 




NOTE a: Lead dimensions aro not controlled In thli area. 
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VOLTAGE REGULATOR CIRCUITS 
MECHANICAL DATA 



KA (TO-3) package 




II.* ■ 45Di 
O,-.-0i 



WAX MAX D1A 



47BI0 1S83BWAX 
BOTH ENDS 



- ma 



■-7 3J 40 3171 WIN 

1,092 rQW3 
uytj >0ti34i 

3 LEADS 
4 _t 



50 40 .1.11171 



rmti iff) 




SEATING PLAHE 



2H01.ES 

CASE TEMPERATURE 
MEASUREMENT POINT 




ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 



KC (TO-220AB) package 



THE CENTER TERMINAL IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 



0.81 i D DE 
IOEI37 J DOOOf 
3 PLACE* 




0,64 (0.0251 
0.30(0.012) 



2.D31O.0HDJ 



0.64 (0.02S) R NOM 
2 PLACES — v 
4S«Nnl*t \ 



IT* 

•jf 153 (0139) 



-e- 



3,[Fj & IJtH 
' 2 ±\ CD 104*11 



55 i 55{ 



T 

OS 10.140] 



Falls Within JEDEC TO-220AB Dimensions 
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 




<0 



NOTE: Notches may or may not be present. 
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VOLTAGE REGULATOR CIRCUITS 
MECHANICAL DATA 



i\l plastic dual-in-line packages 

These dual-in-line packages consist of a circuit mounted on a 14- or 16-lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation and circuit 
performance characteristics remain stable when operated in high-humidity conditions. The packages are intended for 
insertion in mounting-hole rows on 7,62 (0.300) centers (see Note a). Once the leads are compressed and inserted, 
sufficient tension is provided to secure the package in the board during soldering. 



14-PIN N PLASTIC 




7.62 s 0.25 
(0.300 i D010) 
6.35 £ 0.26 
1250*0.0101 

10 0801 NOM 



0.2S (0 010) 
NOM 

SEATING PLANE - 

[ dOf 
.101' r : LMJ- 
UP 



2.4 (0 O931 ft NOM - 
2,8 (0 1101 NOW 



©@@©(5)©® 



O©00©©0 



1.7fl (0.0701 MAX 14 PLACES 




3.17 10.1251 M1N 

2.03i0.51 m L_ ^ "1 
(0.080 t 0.020)™ ^ 



■tfOtri ■ 3 00 J; 



FIN SPACING 2.G4 (0 100) 7 P. 



Falls Within JEDEC TO-1 16 and MO-001 AA Dimensions 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 



16-PIN N PLASTIC 



19 8 10 7801 MAX 




7.67 • 0.7b 
0300i O01OI 

0.35 i 75 
10 250 ■ 0OIO] 

2.0IU0DQINO 



,:% 10 DID) fiOM 



l * 10 0931 R f.OW — 
2.8 10 1101 NOM — 



0©0©0©©0 

— «j f»— 1 78 I0 701 MAX 16 PLACES 



'SEATING PlAfcE 



IL 0.28-0 

~HPiooii ■ o 



0*1 >3 Ctf]>Wd 




Parts may be supplied in accordance with the 
alternate side view at the option of Tl plants 
located in Eu«ope. In this case, the overall 
length of the package is 22.1 10.670) max. 



loam jm i ma* " rt 



— *| )*- 1 ?• m oral Mam lb ti ACts 



I I 



»| |«- 0.«7 ■ 0.076 
(001* i 00031 
16 PLACES 



ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 



NOTE a: Each pin centerlina is located within 0,25 10.010) of its true longitudinal position. 
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VOLTAGE REGULATOR CIRCUITS 
MECHANICAL DATA 



P dual-in-lfne plastic package 

This dual-in-line package consists of a circuit mounted on an 8-lead frame and encapsulated in an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation and circuit 
performance characteristics remain stable when operated under high-humidity conditions. This package is intended 
for insertion in mounting hole rows on 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient 
tension is provided to secure the package in the board during soldering. 

8-PIN P PLASTIC I 



© © © © 

n r— ii— i i—i 



INDEX DOT 



uuuu 

©00© 



1,78 (0.070) MAX 
B PLACES 




2,64 (0.100) TJ». 
6 PLACES 
(Sc* Note ti 



0,84 (0.0331 MIN 
^~ 8 PLACES 



^_ 0,457 1 0.078 
10.018 t 0.0O3I 
8 PLACES 



ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 



NOTE A: Each pin contortlno Is within 0,13 (O.OOS) radius of true position ot tho gougo piano with maximum mat oris I condition ond unit 
installed. 
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VOLTAGE REGULATOR CIRCUITS 
MECHANICAL DATA 



U ceramic flat packages 

This flat package consists of a ceramic base, ceramic cap, and 10-tead frame. Circuit bars are alloy-mounted. Hermetic 
seating is accomplished with glass. Tin-plated leads require no additional cleaning or processing when used in soldered 
assembly. 



0.076 (0.003) 
10 LEADS 



25,4 11.000) 
19.0 0.750) 



10-PIN U 




®0©0© 



7,62 (0^00) 
(SstNotscI 



PIN SPACING 
1.27 (0.060) TP. 
(Sm Not* b) 



ALTERNATE 
INDEX POINTS 



_V 0.00 (0.000) 



O©©0© 



Falls Within JEDEC MO-004AE Dimensions 
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 



NTOES: o. Leads ore within 0.13 (0.005) radius of true position (TP) at maximum material condition, 
b. This dimension determines a zone within which all body and lead Irregular (ties Ho. 



3 
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COLORADOi Dove* 9725 E. Hampden St., Suite 301, 
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Rd. Barm Induttrial Park. Wattngford. CT 06492. (203) 
269-0074- 

FLORIDAt Clearwater, 2280 U.S. Hwy. 19 N.. Suite 232. 
aearwater. a 33515. (813) 796-1926; Fu Uttdcrdak, 2765 
N.W. 62nd St.. ft. Lauderdale, a 33309. (305) 973-6502; 
Mtldand, 2601 Mattland Center Parkway. Mattland, FL 32751, 
[305) 646-9600. 

GEORGIA) Atlanta, 3300 Northeast Exp*. Building 9. 
Atlanta. CA 30341, (404) 452-4600. 

ILLINOIS: Arlington Heighta, 515 W. Ahjonouin. Arlington 
Heights, IL 60005, (312 ) 640-2934. 

INDIANA; Ft. Wayne, 202O fowood Dr.. Ft. Wayne. IN 
46805. (219) 424-5174; IntfrtntrWh, 2346 S. Lynhunt. Suite 
J-400. Indianapolis. IU 46241, (317) 248-8S5S- 

tOWAi Cedar Rapid*, 373 Cofliro Rd. NE. Suite 200. Cedar 
Rapids. IA 52402, (3») 395-9550. 

MARYLAND) Baltimore, I Rutherford PI., 7133 Ruthtrfbrd 
Rd. Baltimore, MD 21207. (301) 944-S600. 

MASSACHUSETTS* Wabhan, 504 Totten Pond Rd., 
WaMum. MA 02154, (617) 690-7400. 

MICHIGAN! IWnrwo Hifls. 33737 W. 12 Mile Rd.. 
fermmgton Hills. Ml 48016. (313) 553-I50O.' 

MINNESOTA: Edlna, 7625 ParUawn. Edina, MN 55435. 
(612) 830-1600. 

MISSOURI. Kansas Or* 8060 Ward PVwy. , Kansas City. 
MO 64114. (616) 523-2500; St. Loub, 11861 Wculine 
Induttrial Drive. St. Lout*. MO 63141. (314) 569-7600. 

NEW JERSEY) Clark, 292 Terminal Ave. West, Clark, NJ 
07066, (201) 574-9600, 

NEW MEXICO; Albumieraue, 5907 Alke NSE. Suite E., 
Albuquetque, NM 87110, (505) 2654491. 

NEW TORKt Eut Syracuse. 6700 Old ColUmer Rd. . East 
Syracuse. NY 13057. (315) 463-929): Eodicoo, 112 Nanticoke 
Ave.. P.O. Box 618. Endkotr. NY 13760. (607) 754-3900; 
Melville, 1 Huntington Quadrangle, Suite 3O0. P.O. Box 
2936. Melville, NY 11747, (516) 454-4400. Fbughkccptle, 201 
South Ave.. Poughkceptte. NY 12601, (914) 473-2900; 
Roehtate* UtOJcffcnon Rd., Rochester, NY 14623. (716) 
424-5400. 

NORTH CAROLINA) Charlotte, 6 Woodlawn Green. 
Woodtawn Rd., Charlotte. NC 28210, (704) 527-0950; 
Raleigh, 3000 Ktghwoods Blvd.. Suite 118, Raleigh, NC 
27625. (919) 876-2725. 

OHIO) Bcachwood. 23409 Commerce Park Rd.. Brachwood. 
OH 44122. (216) 4644100; Dayton, KingUey Bldg., 4124 
Linden Ave.. Dayton. OH 45432, (513) 258-3877. 

OKLAHOMA: Tuba, 7615 East 63td Place. 3 Memorial 
Place. Tuba, OK 74133, (405) 2504633. 

OREGON) Bcavetton. 6700 SW 105th St.. Suite 110. 
Beaverton. OR 97005, (503) 643-6758. 



PENNSYLVANIA: Ft. Washington, 575 Virginia Di.. Ft. 
Wasritngton. PA 19034. 1215] 6434450; Corsopolu, PA 
15108. 420 Router Rd.. 3 Airport Office PK. (412) 771-8550. 

TEXAS: Austin, 12501 Research Blvd., P.O. Box 2909, 
Austin, TX 76723. (Sl2) 250-7655; DatUa, P. 0. Box 1037. 
Richardson. TX 75030: Houston. 9100 Southwest Frwy.. Suite 
237, Houston. TX 77036. (713) 7784592; Sen Antonio. 1000 
Central Park South. San Antonio. TX 78232. (512) 496-1779. 

UTAH* Salt Lake City. 3672 West 2100 South, Salt Lake 
City. UT 84120, (801) 973431a 

VIRGINIA: fttrfax, 3001 Prosperity. Fairfu, VA 2203 1. 
(703) 849-1400; Midlothian, 1)711 Sutters Mill Circle. 
Midlothian, VA 231)3. (804) 744-1007. 

WISCONSIN) BrookfieU. 205 Bishops Wi>. Suite 214, 
rVrookntld, Wl 53005, (414) 784-3040. 

WASHINGTON) Rtdzaood, 2723 152nd Ave., N.E Bid*. 6. 
Redmond. WA 98052, (206) 681-3080. 

CANADA) Ottawa. 436 Mac Laren St., Ottawa. Canada, 
K2P0M8.(6I3) 2)3-1177: Richmond H£t, 280 Centre St. 
Richmond Hill L4CIBI, Ontario. Canada. (416) 884-9181; St. 
Laurent, Vltk St. Laurent Quebec. 9460 Trans Canada Hwy., 
St. Laurent, Quebec, Canada H4S1R7, (514) 334-3635. C 



TI Distributors 



ALABAMAt Hall-Mark (205) 837-8700. 

ARIZONA: Phoenix. Kiciuiff (602) 243-4101: Marshall (602) 
9684181: W,fe (602) 249-2232: Tucson. KietulrT(602) 
624-9966. 

CALIFORNIA) Lot Aiigelcs/Orange County. Arrow (213) 
701-7500. 1714) 651-8961: Kicrulff (213) 7254325. (7)4) 
731-5711; Marshall (213) 999-5001, (2)3) 442-7204. (714) 
5564400; R.V. Weatherfced (714) 634-9600. (213) 849-3451. 
(714) 623-1261; Wyle (213) 322-8100. (714) 641-1600. Su 
Ditto, Arrow (619) 565-4600; Kierutff (619) 278-2112: 
Marshall (619) 578-9600; R. V. Weathcrfard (619) 695-1700; 
Wyle (619) 565-9171; San Francisco Bay Area, Arrow (408) 
7454600; Kkrotff (415) 9684292; Marshall (406) 7)2-1100; 
Wyle (408) 727-2500; Saota Barbara. R. V. Weathcrfard (80S) 
9654551. 

COLORADO: Arrow (303) 758-2100; Kicrulff (303) 
790-4444: Wyle (303) 457-9953. 

CONNECTICUT: Arrow (203) 265-7741: Diplomat (203) 
797-9674; KierutfT (203) 265-1115; Marshal) (203) 265-3822: 
Mittray(203) 795-07)4. 

FLORIDA) Ft. Lauderdale, Arrow (305) 776-7790; Diplomat 
(305) 971-7160; Hall-Mark (305) 971-9280; Kicrulff (305) 
6524950, Orlando, Arrow (305) 725-1480; Diplomat (305) 
725-4520; Hall-Mark (305) 855-4020; Mitgrcy (305) 647-5747; 
Tampa, Diplomat (813) 443-4514: Hall-Mark (813) 5764691; 
Kierutff (813) 576-1966. 

GEORGIA: Arrow (404) 4494252; Kall-Mark (404) 
4474000; KteruW (404) 447-5252; Marshatl (404) 923-5750. 

ILLINOIS) Arrow (312) 397-3440: Dtploraat (312) 595-1000; 
Hall-Mark (3)2) 860-3800; Kierutff (312) 6404200; Newark 
(312 ) 638-4411. 
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INDIANA: Indtanrpofri. Arrow (317) 243-9353; Graham 
(317) 6344202: Ft, Wayne. Graham <2l9) 423-3422. 



KANSAS) Ktotw Ctt* Component Specialties (913) 
492-3555; Hall-Mark (913) 68M747; Wichita. LCOMP (316) 
265-9507. 

MARYLAND: Arrow (301) 247-5200; Diplonut (301) 
995-1226: Hal]. Mark (301) 796-9300; KierutS (301) 247-5020; 
Milgray (301) 4684400. 

MASSACHUSETTS: Arrow (617) 933-8130; Diplomat (617) 
429*4120. Kierutff (617) 6674331; Marshall (617) 2724200. 
Time (617) 9354060. 

MICHIGAN: Detroit, Arrow (313) 9714200; Newark (313) 
967-0600. Grand Rapids, Arrow (616) 243-0912. 

MINNESOTA: Arrow (612) 830-1800; Hall-Mark (612) 
654-3223: Kierutff (612) 941-7500. 

MISSOURI: Kansas City, LCOMP (6)6) 221-2400; St. Loub, 
Arrow (314) 5674688: Hatl-Mark (314) 291-5350, Kierutff 
(314) 739-0855. 

NEW HAMPSHIRE: Arrow (603) 6664968. 

NEW JERSEY) Arrow (201) 5754300. (609) 235-1900. 
Diplomat (201) 785-1830. General Radio (609) 9644560. 
Hall-Mark (201) 575-4415. (609) 424-7300, jACO (201) 
778-4722, (800) 645-5130, KiemEff (201) S7S4750, Marshall 
(201) 882-0320; Milgray (609) 983-5010, (600) 645-3956. 

NEW MEXICO) Arrow (505) 243-4566; International 
Electronic* (505) 3454127. 

NEW YORK) Long Island. Arrow (516) 231-1000; Diplomat 
(516) 4544334; Hall-Mark (516) 737-0600, JACO (516) 
273-S50O. Marshatl (516) 273-2424; Milgray (516) 546-5600. 
(600) 645-3986; Hatt-Mark (516) 737-0600. Rocfacatec, Arrow 
(716) 275-0300, Marshall (716) 2)5-7620: Rochester Radio 
Supply (716) 454-7800; Syracuse, Arrow (315) 652-1000: 
Diplomat (315) 652-5000; Marshall (607) 754-1570. 

NORTH CAROLINA: Arrow (919) 876-3132. (919) 
7254711: Hall-Mark (919) 872-0712; Kierutff (919) 852-9440. 

OHIO) CtaefatoatL Graham (513) 772-1661; Hall-Mark (5)3) 
563-5980; Cleveland. Arrow (216) 248-3990; Hall-Mark (216) 
473-2907; Kienitff (216) 5674558; Columbus, HaU-Mark 
<6I4) 891-4555, Dayton, Arrow (513) 4)5-5563; ESCO (513) 
226-1)33: Marshall (5l3) 2364088. 

OKLAHOMA) Anw (918) 66S-770O. Component Specialties 
(918) 664-2620, HaEl-Mark (918) 665-3200. Kierutff (918) 
252-75)7. 

OREGON) Kicrulff (503) 641-9150; Wyle (503) 6404000. 

PENNSYLVANIA) Arrow (412) 856-7000, (215) 928-1600; 
General Radio (215) 922-70)7; Hall-Mark (215) 355-7300. 

TEXAS) Austin, Arrow (512) 635-4180; Component 
Specialties (512) 6374922; KtU-Mark (512) 2584848; Ktcrutff 
(512) 8)5-2090; Dallas, Arrow (214) 386-7500; Component 
Speciakies (214) 3574511: Hall-Mark (214) 341-1147; 
Intzmational Electronics (214) 233-9323; Kicrulff (214) 
343-240O. B Faao, International Electronic* (915) 778-9761; 
Houston, Arrow (713) 491-4100: Component Specialties (713) 
771-7237; Hall-Mark (713) 781410O, Harrison Equipment 
(713) 879-2600; Kicrulff (7l3) 530-7030. 

UTAH) Diplomat (601)486-4134; Kierutff (801) 9734913; 
Wyle (801) 974-9953. 

VIRGINIA) Arrow (804) 262-0413. 

WASHINGTON) Arrow (206) 643-4800; Kicrulff (206) 
575-4420 Wyfe (206) 4534300. 

WISCONSIN) Arrow (414) 7644600. HaEl-Mark (414) 
761-3000. Kierutff (414) 784-8160. 

CANADA) Calgary, Future (403) 2594408; Varah (403) 
230-1235; Hamilton, Varah (416) 561-9311; Montreal, CESCO 
(514) 735-5511; Future (514) 694-7710. Ottawa. CESCO (613) 
2264905: Future (61 J) 6204313: Quebec City, CESCO (416) 
667-4231; Tomato. CESCO (416) 6614220: Future (416) 
663-5563; Vancouver; Furore (604) 436-5545; Varah (604) 
673-3211; Winnipeg, Varah (204) 63)4190. BC 
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ALABAMA) HuntavfDe. 500 Wynn Dnw. Suite 5H. 
Hunowtk. AL 35805. (205) 6)7-75)0. 

ARIZONA: Pboeoli. PQ Bo* 15160. 8102 N. 2W Aw.. 
Sum A. Phoenix. AZ 85021. (602) 995-1007. 

CAlJFORNlAi El Segsndo. 8)1 S. DbugUs St., P Segunds. 
CA 90245. (2D) 97) 2571. Irvme, 17691 Carrwght Rd. 
Irvine. CA 927)4. (7H) 660-1200. Sacramento. 1900 font 
Wot We* Suite 17). Saaamenro. CA 9SS15. (9)6) 929-1521: 
San Ditto. 4)1) Vmw Ridge Aw.. Suite a. Sen Dserp. CA 
9212). (714) 276-9600; Santa Clara. 5)5) BrurfWDt-. 
SKtt.Om.CA 95054. 1408) 980-9000; Wbadbnd Ktllt. 
2)220 Enrut St.. Wwdland HiHs. CA 91367, (21)) 704-7759. 

COLORADO: Denwsv 9725 E- Hampden St. Suae 301. 
Dtwtr, CO 802)1. (»)) 695-2800. 

CONNECTICUT! WalllagronL 9 Barnes Indamsl Park 
Rd. Barnes Industrial Park. WaHirteiord CT 06492. (20)) 
2694074. 

FLORIDA: Cksmtttt 2280U.S. HW J9N., Star 2)2. 
Oearwer, ft ))5l5. (81)) 796-1926; ft UaMIt, 2765 
N.W. 62nd St.. Ft. Lauderdak. Ft 33)09, (KM) 97)4502; 
Maftbnd. 2601 Ms* land Center rYrkwa* Mattbnd a J 275 1. 
(305) 646-9600. 

GEORGIA: Adno, 1)00 Northeast Expr-. Butling 9. 
Atlanta, CA MM). (404) 452-4600. . 

ILLINOIS; Artktgbn Krixho. SIS W. AtsonQusv. Aiiington 
Ke*ha, EL 60005. 012) 640-29)4. 

INDIANA! ft- Wtyo* 2020 In-wJ Dr.. Ft. V*itk. EN 
46605. (219) 424-5174; Inrlrmtpnh, 2)46 S Lenltum, Suit* 
J-400. tndtanapoirs. IN 46241. 017) 248-8555. 

IOWAi Cedar Rapids. )7) Co&n* Rd NE Sow ZOO. Ceda? 
Rapafc. IA S2402. 019) 595-9550. 

MARYLAND: Bateaor*. I Rtanrtfari Ft.. 71)) fcsAcrfced 
Rd. Bateraore. MD 21207. (»)) 944-8600. 

MASSACHUSETTS! Wah&am. 504 Tcttm Rd . 
Wxkrua, MA 02154, (617)890-7400. 

MICHIGAN* Fmi^M HSh. ))7)7 W. 12 MtkRd. 
hrmmgton Hills. Ml 46018. OD) 55M500. 

MINNESOTA: F<ftrs, 762S rVfcltwn. Edma. MN 554)5. 
(612) 8)0-1600. 

MISSOURI: Kassas Ot% 8060 Uted Pl*n>, Kkmi Or*. 
MO 64114. (816) 523-2500; St. Louis. 1 1861 Weadme 
bdustnal Drtw. St- lata, MO 6)141, 0141 569-7600- 

NEW JERSEY: Ctui 292 Temtnal Aw. West, Ctsfc. NJ 
07066. (201) 574-9800. 

NEW MEXICO: ADxsquerqoc, 5907 Alice NSE, Suae E. 
AQ»qatiqje. NM 87110. (SOS) 265-8491. 

NEW TORKj East SttscuW, 6700 OU GsQamer Rd . East 
SyrtcuK. NY 1)057. ()IS> 463-9291; Eodkott. 112 Nsuicoke 
Aw.. P O Box 618. Endxoct. NY 1)760. (607) 7 54- WOO. 
MchrOkw I Huntmgasn Qtosdrangk. Suae )C10. P.Q Box 
29)6. McKitk. NY 11747. (5t6) 454-6600: ftxrgbkceptse, 201 
South Aw.. Po^hxeeptw. NY 1260). (9)4) 47) 2900. 
Roctscstn. 1210 jeflrnon Rd. Rochester. NY 1462). 17161 
424-5400. 



NORTH CAROLINA: C 

Wbodlawn Rd . Charlotte. NC 28210. (704) 527-09)0; 
Raksgfc. WOO Kighwoods Bhd. Sate 118. Raletgh. NC 
27625. (919) 876-2725 

OHIO: BwWxt, 2)408 Commerce Park Rd. BrxseWnd 
OH 44122. (216) 464-6)00: Dayroo, lOncsstr BUg.. 4124 
Linden Aw.. Danon, OH 4S4)2. (513) 258-3877. 

OKLAHOMA! Teh*. 7615 East 6)rd Place, ) Memorial 
Peace. Tula. OK 741)). (405) 2500b)). 



OREGONt Btawnm, 6700 SW 105ih St., Suite 110. 
Brawrton. OR 97005. (50)) 641-6758. 

PENNSYLVANlAi Ft. WaahfafMo. 571 Virginia t> . Ft. 
Vfeshington, FA 190)4. (215) 643*450. Coraooous, PA 
15106. 420 Rower Rd. ) Airport Oflsca FX, 4412) 771-8550. 

TEXASt Austin. 1250) Reattach Blvd. P.O. Boa 2909. 
Awttn. TX 7872). (512) 2SO-765S: OtOa*. P. O Box 1087, 
RicKtnbon. TX 75080; KotttUD. 9100 Southwest Fr»Y. Sui« 
2)7. Hounon. TX 770)6. (713) 7784592; Sao Aotoolo, 1000 
Central Pari South, San Annruo, TX 782)2, (SlJ) 496-1779. 

UTAH. Sah Lake Cto* 5672 Wen 2100 South, Sab Uke 
Otv.UT 84120. (801) 97J-6)10. 

VIRGINIA: Fairfax. 3001 ProaHfiry, Falr&a. VA 220)1. 
(70)) 849-1400, MaftxfcJan, I37tt Sumri Mill Cmlr. 
Midlathian. VA 2 Ml). (804) 744-1007. 

WISCONSIN: BtwUdJ. 205 Buhopi War. Since 214. 
Braol&cld. VI 5)005. (4)4) 784-3040. 

WASHINGTON: Robaood 272) 152nd Aw.. N.E. BUg. 6. 
Redmond. WA 98052. (206) 881-3060. 

CANAOAt Ottawa. 436 Mac Lam St.. Ottawa, Canada. 
K2F0M8.(6D) 23)1)77; Rictmoad KJ0, 280 Cmm St. 
RichEnond H*n L4C1B1, Ontario, Canada, (4161 884-9»t : Sl 
Laurent. Ville St. Lautetw Quebec, 9460 Tram Canada Hwy., 
St. Laurent. Quebec. Canada H4SIR7. (314) 3)4-36)3. C 



ARGENTINA* Texas Inttnanenta Argentina S A.I.CF: 
Earaeralda DO. 15th Root, 10)5 Bucn» Aires, Arexnttna. 
)9«-296). 

AUSTRALIA (& NEW ZEALAND). Texas liwrutaenti 
AutoaUa Ltd: 6-tO Tabwri Rd. North Rydr (SsdnefL New 
South Wales, Austtatta 211). 02 + 887-1122: Sth Flax. 418 St. 
KddaRoad Mciboun*. Vktona. Austraha 3004. 
03 4- 267-4677; 17) Phthp H«h«n Gtabeth. South Assnaka 
5112. 08 + 255-2066, 

AUSTRIA* Texas trwtuwenri Ges.m.b.H.; Induttriestrabe 
M6. A-2345 SnmrXkbtrct. 2236^46210. 

BEXGIUM. Tcwj tmovroenti N.V. Brlftun&A.: Mercvre 
CentnT. Raketacraat 100. Rue At la Fine*. U30 Bmsarb, 
02fl2O.8O.00. 



BRAZIL, Texas Insmennui Elcrtruructs do Bnul Ltda.: Av. 
Fana Una, 2003. 20 Andxr— Ptnhctros, Cee-01451 Sao 
Paulo. Bran). S1S-6166. 

DENMARK, Texas Imoumeno A/S. Mariclundwi 46E. 
DK-2730 Hersr*. Denmark. 2 • 91 74 09. 

FINLAND. Texas tntnaama Fnltnd OY: PL 56. 00510 
Helsinki 51. Finland. (90) 701)1)3. 

FRANCE* Tens buuucncstti Frtncr; Itcftiouiitatti tti& f^ud+ 
Plant. BP 05. 06270 Wleneuw-Loubet. (93) 20-01-01; Fans 
OAee. BP 67 8-10 Awnae Mortnr-Sautnkr. 78141 Vrtur 
VtOaattblaK O) 946^7-12; Lien Salta OnVe. LQxt 
DXcuUt. Battioent B, Chttmn de la lotcstiere, 69130 Eat!)* 
(7) 8)MH-40. Strufcourj Saks Oftce. U Sttmtopd ). Quai 
Klebtt 6705) Stnsboorf Cedes. (89) 2M2-66; Rcrtna. 2) 21 
RoeduPuo Mauftr. 35100 Rennea. (99) 79 5441; Toulouse 
Salts Oftce, Le Penpok — 2. Chrsun du PifeoMUCt de ta 
Cepkw, )1K» Todoue, (61) 44-I8-I9-. ManeiUe Sales OAce. 
NotOv Farads— 146 Rue Fkradts. 13006 ManeiUe. (91) 
37-25-30. 
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GERMANY. Texas Instiumems Deutschland GmbH: Hag- 
■en^ttraaw 1, D4050 Frelstnt, O8t61-B0); Kurfuentr^itmra 
I95ft96, D-1000 Berlin 15, 0)O«273a5i III, Hafen 4)/Ktb- 
bebtraaat. D-4W0 Easen. 0201-24250; frenkfunei Aikr r>8. 
CV6236 Eachhom I, 06I9M3074; Hamburfltr Strasse II. 
D-2000 Hamburg 76. 040-2201)54. Ktrthhomcrstrassc 2, 
D-3000 Hannowr 31. 05)1^648021; ArabetUsmsse IS. D4000 
Muenchen 81, 069-92MI; Marhachitnsse II, D-7302 Cat- 
Udem 2^<lUmen. 07H-34030. 

HONG KONG { 4- PEOPLES REPUBLIC OP CHINA). 
Texts [tutnaaenu Asia Ltd: Sth Floor. WcrVJ Shipptnj Crt . 
Harbour Ctry, 7 Canton Rd , Ko«loon, Hong Kong. 
3 + 722 1223. 

IRELAND. Texas Instruments (ttcUnd) Limited 25 St. 
Stephens Own, Dublin 2, Eire. 0) 609222. 

ITALY, Texas Irwtruinena ScKuconduaoa Italia Spa: Vtale 
Dclk Scieme. 1, 020)5 Ottaducale (RsetiL Itatr. 0746 694 I; 
V« Satana KM 24 (Falaao CototaL Morstenxondo Scalo 
IRoneL Italy. 06 9004)95; Vtale Europa. 38-44. 2009) 
Colocno Moniese (MilanoL 02 2S3254I; Conu Svtnera, 185. 
lOlOOTonno, loir. Oil 774545: ViaL BaronJ. 6, 45100 
Bokcna. (tart. 051 )558SI. 

JAPAN, Texas Instruments Asta Ltd.: 4F Aoyama Fu;i Btdg-. 
6-12. Kcta Aofarna )-Osatne, Mmata-ku, Tokyo, bpan t07. 
03-498-2111; Osaka Branch. 5F, Ntssho E«al BUg . 30 
Iraabashi J-Choor. Higzsb-ku, Osaka, Japan 541. 
06-204-1S91; Naro Branch. 7F DaiM Toyota West Bldg.. 
10-27. Mcteki 40wme. Nakamura-ku. Nacova, Japan 450, 
052-581-8691. 

KOREA, Texas InsmBBents Supph Co,: Room 201, Kwang- 
poong Bldg.. 24-1. H«**and-D°ng. Sungdong-ku. 1)) Seoul, 
Saea. 02 + 464^2 74fl. 

MEXICO, Texas Instruments de Mexico S. A.: (Writ* 116. 
No. 489. Cobnbj VaOelo, Mexico. D F. 02)00. 567-9200 

MIDDLE EAST. Texas Inatrurnents: No, 13, bi Floor Mannai 
Bldg.. Dnlomatx Area. Manassa. P.O. Boa 26)33. Bahrain. 
ArabttnGuti 973 - 72 4«6|. 

NETHERLANDS. Texas Instruments Holland B.V.. PO Boa 
12995. (BuDe»i,a) UOO AZ Anssmdass. ZsudOost. Holland 
(020) 560291). 

NORWAY. Texas Iroeruotno Nonrar A/S: Kr. Augoatsft. I). 
Oslo I, Norway, (2) 20 6040. 

PHILIPPINES. Texas littounsents Asia Ltd. 14th Boor. Ba- 
Lrpanto Bldg.. 8747 Pasco de Roaxa. Makati, Metro ManiU. 
Philippines. 682465. 

PORTUGAL, Texas Instruments Eouipamento Esecnoruco 
(PorrugalL Ida.: Rua Eng. Fmicnco Uksth. 2650 Morctn Da 
Mala. 4470 Mata. Portugal, 2-948100). 

SINGAPORE ( ♦ INDIA. INDONESIA. MALAYSIA, 
THAILAND). Touu Instruirsenb. Asia Ltd: P.Q Box 138. 
Unit #02-08. Block 6. Kolam Am litdottntl Est.. KaOang 
Sector. Singapore 1)34. RepublK of Stogtpor*. 747-2235. 

SPAIN, Texas Iwtruraeno Espxna, S A. : Otoae Laaro 
Caldtano No. 6. Madrid 16. L/4S8.I4.S8. C/Balnses, 89 
Barce(oru>8. 25 ) 60 0005) 29 02. 

SWEDEN. Texas [moments tnttmatnnx) Trade Corpontion 
(Swncr&Uaknh Boa 59(0). 10054 StockSobn. Sweden. 08 • 
2)5480. 



SWITZERLAND, Texas Irtstruraentt, Enc. I 
CH-895) Dsmkon (Zucnch) Swtoerland 1-740 2220 

TAIWAN, Texas Immenmo Supptr Co,: 10th Floor. Fu- 
Shmg Bldg . 71 Sung-Kiang Road, Tatpei. Tai«an. Republic ttf 
China. 02 + 521-9)21. 

UNITED KINGDOM. Texas Utsawacna Limited: Manton 
Lane. Bcxbnrd MX41 7PA. EngUnd 02M 67466: St. ktmcs 
Hone. WellinfUn Road North. Stockport. SK4 2RT. 
Engtand. 061 442>8448. BC 
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